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METHOD A*D APPARAT0I3 FOR POWEI? -^RATION 

The present invention is a continuation-in-part of 
co-pending U.S. patent applications for: "Heat- 
Generating Method and Apparatus", Serial No. 323,513 
filed March 13, 1989; "Neutron-Beam Method and 
Apparatus", Serial No. 326,693, filed March 21, 1989- 
"Heat Generating Method and Apparatus", Serial No. 
335,233, filed April io, 1989; "Heat Generating Method 
and Apparatus", Serial No. 338.879, filed April 14, i 989 - 
"Power Generating Method and Apparatus", Serial No. 
339,646, filed April 18, 1989; "Power Generating Method 
and Apparatus", Serial No. 346,079, filed May 2, i 98 9 - 
and "Power Generating Method and Apparatus", Serial No 
352,478, filed May 16, 1989, which are incorporated 
herein by reference. 

The present invention relates to methods and 
apparatuses for generating heat, neutrons, tritium or 
electrical power, and in one illustration, to an 
apparatus which utilizes heat produced by compressing lew 
atomxc weight nuclei in a metal lattice under conditions 
which nro()»c^ pvrocc ho.^ ; \. 1 • _ , 

- -~ xuvvjxvijty nuclear 

fusion. 



An ideal energy source, and one which has been the 
subject of intensive scientific investigation and search 
over at least the past thirty years, would have the 
following properties: 

(a) the source would utilize deuteriun. which is 
available in a virtually inexhaustible amount 
from the oceans; 



(b) 



The source would produce relatively benign and 
short-lived reaction products; 
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<"> The source would produce substantia 

" ,tW inpUt th. system; ^ 

(d) The source could be constructed on a re, - • 

-all, even portable scaie> 3 relativel 

Heretofore, no one ene-av <-n„^ u 
a=hievi ng tt,e sc id „, s Th ; 5 p y 0 ; ' " — to 

dens, pl as„a. usi „, eithcr ;" o n nt r "="°" 5 

inertia. continent to >chl ^ =°»t»n„ enc or 

density, temperature „„„ th8 »'«»«,, pl, SM 

controls P ia s »a fusi :„ Z ? e " ent "~ " Mded f « 
Intensive worldwide scientific effort ol'l 
P~.lMllty.. t ae hi evi„, controfua „„ CJ ea r J ' ^ 

r, h -te„ P erat U re pl .« a PP „rs to b e ! s ^* ,0n ' 
for example, Technolnnv , away ' ( Se &, 

' lfiCllnolo gy Assessment Report)"*.' 

In an alternative fusaon approach kno 
catalyzed fusion, muons ^ - ^ - ■»•»- 

cha^e of nuclei (BUO ns o.nd tightly 1 " 
nucleus and neutrals it , p,^^ £ J ^ 
are drawn close together because of the h 
-on, so fusion by tunneling can occur at 1,1355 °' ^ 

low temperature. Thus many 0 f the Drobl ° relativelv 
temperature plasma containment w ic h °' 
success of the hi gh -tem P erature P ^ ^ 
avoided. However, due to the low nJmLrTlf^ ?" 
events during the lifetime of any ,i„ °" 
-lear at this date whether t " ^ " " 
-eloped to wpport a seU- susta ^ " 



A listing of references for tu 
his section are found at the end of? referc "« numerals 

Ul Section I. 
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The present invention involves an apparatus and 
method for generating energy , neutrons, tritium and/or 
heat as a specific form of energy. The apparatus 
comprises a material such as a metal having a lattice 
structure capable of accumulating isotcpic hydrogen atoms 
and means for accumulating isotopic hydrogen atoms in the 
metal to a chemical potential sufficient to induce the 
generation of one or more forms of the previously noted 
energy. 

The sufficient chemical potential is, for example, 
enough to induce generation of an amount of heat greater 
than a joule-heat equivalent used in accumulating the 
isotopic hydrogen atoms in the lattice structure to the 
desired chemical potential. 

A preferred metal is one of group VIII or group 
IVA, palladium being most preferred. Other preferred 
metals include iron, cobalt, nickel, ruthenium, rhodiu:-, 
osmium, iridium, titanium, zirconium, hafnium or alloys 
thereof . 

During the operation of the apparatus of the 
invention, the charged lattice emits occasional bursts of 
neutrons, and/or undergoes short-duration periods of 
exceptional heat output. These observations suogest that 
heat-generating fusion events occurring within the 
lattice may include nuclear chain reactions which may be 
stimulated by high-energy particles or rays within or 
applied to the lattice {such as are generated by fusion 
or other nuclear reactions occurring within the lattice) . 
Therefore, one aspect of the present invention involves 
stimulating or enhancing nuclear reactions in the lattice 
by exciting or bombarding the charged lattice with high 
energy rays or particles such as r rays, a or 3 




particles, high energy or the rim li To * 

-ij LJierinaiUGa neutrons or h^-v, 
energy protons- ' r hl ^ h 



fluid comn «»»odi„e„t, the , pparotus locl 

fluid co„ pr;slng ln isotopic hydr -* 

~» for produce, isotopic hydrogen 

source t„ accu. ulate in the „ ul - » 

>=otc pl c hydro,en source is deuterated uater " , *■„ 

mrscrblc rsotopic hydro g en solvent co „ ponent 

end the means £or accumulate, includes a on. 

The a Pparatus of t „. p „ ssnt inyen 

': 1 9 ;::;;"r t : iectricity by - ot ~" 

well known to those skilled in electricitv 

structure t . alactrical enarw . nclik(o ^Zl 1 ^" 
doner.ators such as stea , turb . nas SM . 

thermoelectric devices and thermionic emitters. 

A thermal neutron beam may also ba -„.„,,. . K 
«n a PP ar,tu s . This „ ould invol * crated by such 

-tai ri „, . „ mal lattice struc ::r » 

™. ltl „ g isotopic hydrogen atoms ^ P 1. of 
lsoto P rc hydrcen atoms accumulated in it . latti „ 
structure to a chemica, potential sufficient to nduca 
neu ron-.enerotin, eva „to, as avidcnccd by ^ ^ * 
of thcrno, neutron,, „,„ ch .. ical PotcntJa , * 

est euout O.SeV uh e„ combed to . ehemico, JoX, 
of .soto P ac hydrooen neens i„ tha netal " 
Cuil.orated with the iS o C o pic hydro , on at „ 
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pressure; and means such as a di verge* tneutron 
collimator, for example, tor collimating at least a 
portion of the thermal neutrons produced in the reactor 
into a thermal neutron beam. Thermal neutron radiography 
of a target material may also be performed, using 
recording means positioned to receive neutrons which pass 
through target material in the thermal neutron beam. 
Reccrding means includes a convertor to capture neutrons 
and emit capture-dependent radiation, and a film 
sensitive to said radiation. Neutron capture gamma-ray 
spectroscopy of a target material, may also be used by 
including means for measuring gamma-ray spectra produced 
upon neutron capture by the material. Neutron scattering 
analysis of a target material, which includes a neutron 
detector for measuring distribution of scattered neutrons 
at angles different from that of the beam directed as to 
the target material is also an aspect of the present 
invention. 

The apparatus of the present invention may be in an 
arrangement where said metal is formed as a series of 
stacked membranes in an electrolytic cell, where pairs cf 
membranes partition the cell into a series of closed 
electrolytic, compartments. 

Where the charge-generating source is electrolytic, 
the metal is a cathode and the electrolytic decomposing 
is carried out preferably at a current of 2-2000 nA cnT 2 
of cathode surface area, although higher current levels 
up to about 10,000 mA cm" 7 and even higher can be used in 
ccr ta in appl ica t i ons . 

in certain embodiments the fluid with the isotcpic 
hydrogen atom source may comprise a catalytic poison 
effective to block catalytic evolution of gases 
consisting of hydrogen isotopes. The fluid ;nav also 
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lithium suif.^, _ ' ^ "thu 



lCniUm SUlfat - «y bo about Q x M \ su ""e. The 

sulfate. °" 1 « to about !. 0 „ lithi , m 

fused Betal hydride Peculate forn and 

Oration of isoto pi ' c hydro ? ^ ^ to promote 

P-tides of ffi e tal 1?:° source into 

chenucal potential of ' iso , ? ^ miXtUre * 

-t.l lattice of at i east I" - t>. 5 

this embodiment a preferrJ ** reached - In 

of Palladium nicel L C °" bination is with a , etal 

-rce of isotop ;r ; d ;:: nr~ — — : M 

^uteride, SOtlium J^*" " to « » "«ed llthiua 
P-ticulate metal , yste ' ' * ° f the 

— . ^ 9 ;:: r s ::: ; d r eating »• 

the chemical poten £ «"-ition. which 

- le„ than about i „ second . " Jeast »*>ut 0.-: eV 



ThQ P rcf "red apparatus of 



operable for,, includ^^^^ tic,, :., 

SOUCC " SUCh - iterated water o^ 

tritiated water. ' 0rdln ary water, or 

I" certain embodiments pref errp , 

p-ii-i-. rhod iun , ruthGnillro p ;; r d - tals include 

2irC ° niun or «"oy S contoininc, f " ' »t^niu=. 
these metals. Thp mctai "J f — nic isotopes of 

also be a coaoosite of n b ? rese »t a PP«otus nav 
9 roup consisting of Paila^"^ 1 ^ ^ the 
iridium, osmium, nickel cobaU rhOC3lU "' ^"theniun, 
titaniun, p, a t inuBf hafn ' "°°> -rconiua, 

d all °y= thereof, and a 
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thin metal film upon said substrate of palladium, 
rhodium, ruthenium, iridium, zirconium, or alloys 
thereof. Alternatively, the metal may be a thin film 
layered on a composite of a substrate unable to 
accumulate isotopic hydrogen atoms to an extent inducing 
fusion reactions. such a thin metal film nas a preferred 
thickness of about 50-500 A, although thicker films might 
be suitable. 



Means for transforming heat to electricity include a 
steam-powered turbine or an electrical generator, and a 
heat transfer system for transferring heat from the heat 
source to a turbine or electrical generator. This means 
for transforming may also be a "semiconductor 
thermoelectric device or utilize a thermionic emitter 
device. 

The present invention also includes methods of 
generating heat and neutrons, as well as producing 
electricity or performing work. These methods comprise 
the steps ofr (a) contacting a material (preferably a 
group Vlii or IV A metal) having a lattice structure 
capable of accumulating isotopic hydrogen atoms, with a 
fluid comprising an isotopic hydrogen atom source; and 
(b) inducing accumulation of isotopic hydrogen atoms in 
the lattice structure to achieve a concentration therein 
sufficient to cause heat or neutron generation. The 
achieved concentration of isotopic hydrogen atoms may be 
characterized by having a chemical potential of at least 
about 0.5 ev. The isotopic hydrogen atom source is at 
least one of water, deuterated water and tritiatod water. 
In one preferred embodiment step (b) involves 
electrochemical decomposition of the isotopic hydrogen 
atom source and electrolytic compression of isotopic 
hydrogen atoms into the lattice structure. 
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as neutron emissions whi Co -ercial use, as „.„ 

Purports. 66 USed a v. r£e t-- cf 



As a method of producing eiectricitv ,h 
further co mprise , «i ci ty, the method 

K S ualin "9 generated heat tn „ 

porfor.ing „ ork , t „. „ A, a „ ot „o d of 

stated „„ t to p8rforn " 

S'«P <b> of those nethods involv. „„„„ . 
condition, to indu „ 4 ^ 

Tho on 8r(Jy - input conaitions J °l<" "°™ —nation. 
«l.ctrot y sis „ it h tho » atetial act P """^ lnVOi " 
~t.ri., is p re ,„ ably , „ etal ana J °- « "thode. Tho 
"fried out ae . currant o£ „. tv ^ *** ^"rol^is ls 
>°°o „ „-» cathode sur(a "out , and aboa; 

<i«"=ity UveU. „ indicated . eVen at Ai?h c--rrenf 

ancncated previously m 
embodiment, hh. . y * In a preferred 

th. Present i^~Z7. " "'^ °' 

to remove surf ace and near _ 5Urface . treated 

inhibit capability of the metal . lmpUritlGS which nay 

hydrogen- atoms. The meta! mav Atopic 

.necai may al<;r* h~ ^ 

« l«»t a portion of a „ y provi„ uslv , ""^ 

«-.. too treetin, inc L„ u I ' lbSOrbM '"*■■« 

-to, sc,»o„t to reeve . suporfi £*." ehi »*»« of tho 

u.o „ aclu „i„ q » ay b o fono ;; ; or : °v he "° c - 

to renove nachinin, residue. Tho <leo • scc? 
* Partial vacuum. *POSure to at leas: 

a method for nr^,.^- 

r Producing a neuron k 

-tfioo includes too additlonal step ;r,cTL e a h ;„r vt 
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generated neutrons into a neutron beam. As a method of 
neutron-beam analysis of a target material this method 
comprises the steps cf : (d) collimating at least a 
portion of neutrons produced by the reactor to form a 
neutron beam; (e) directing the neutron beam at the 
target material; and (f) measuring physical events which 
are produced by directing the beam onto the material. 

Figure I-1A shews a cubic face-centered crystal 
structure in the lattice of a metal, such as palladium, 
used in the present invention; 

Figure 1-18 shows the expanded beta form of the 
lattice, and diffusion of an isotopic hydrogen atom into 
the lattice; 

Figure 1-2 schematically shows one embodiment of an 
electrolytic cell for compressing isotopic hydrogen 
nuclei into che lattice of a metal rod; 

Figure 1-3 schematically shows an embodiment of an 
electrolytic cell having a bipolar cell stack in a cell- 
pressed configuration, for compressing isotopic hydrogen 
nuclei, such as deuterons, into the lattice cf a metal ; 

Figure 1-4 Schematically illustrates an alternate 
method for achieving electrolytic compression of isotopic 
hydrogen atoms in a metal lattice; 

Figure 1-5 schematically illustrates a thin-film 
palladium electrode constructed for use in the invention; 

Figure J-6 schematically illustrates a palladium 
coated electrode constructed for use in the invention; 
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Figure I- 8 i 5 a 

to uti lize th xen, Plary embodiment of but o 

Present invention. derived f rom thQ , 



Figure r-9 schematically ii lllc . 
^covering tritium. ^^trates 



a system for 



Figure 11-5 is 
-»bodW of the invention ~<=°"*in, to „„„ 

Figure H- 6 is o 

app — -i*.* r or ;e::;:: c r ;; ew of a 

one embodiment of the invention, ^ ,o 

Fi9Ure IJ ~ 7 is a S che, atic v iew , 
apparatus designed for neutron * neUt ^n-beam 

snM^u _ eUti ° n scattering „_ 

according to another embod,' ~ ^^'^icn 

invention; ar ,d em t>odiment of the 

^gure i,- 8 is a Sch 
apparatus designed for nGUtron lQW ° f * "eutron-bean 
spectroscopy, accordino to gamma-ray 
invention; 9 anoth er embodiment of the 

figure in-! snoWs ^ 
«lorin«er cell. ' COE ^rtment vacuum Devar 

f ° r p — ^ ^in 3 t ga lv ;::::: t tic of — 

nc -tat oscillations. 
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Figure III-2B shows a scheniatic of circuit for high 
stabilization of a regulated power supply used as a high 
output current galvanostat. 

Figure III-3A shows the temperature above bath vs. 
tine (upper) and cell potential vs. tine data (lover) f ri- 
ft 0.4 x 10 cm Pd rod in o.lM LiOD solution. The applied 
current was 800 roA, the bath temperature was 29, 87°c, and 
the estimated Q f was 0.158 W. The time of the 
measurement (taken at the end of the calibration pulse) 
was approximately 0.45 x 10 6 s after the beginning of the 
experiment. 

Figure III-3B is the same as Figure III-3A except 
time of measurement approximately 0.89 x 10 6 s. Estimated 
Q f - 0.178 W. 

Figure III-3C is the same as Figure except 
time of measurement approximately 1.12 x 6 s. Estimated Q 
- C.372 W. f . 



Figure III-4A shows the temperature above bath v ? : 
time (upper) and cell potential vs. time data (lower) for 
a 0.2 x 10 cm Pd rod in 0,1 H LiOD solution. The applied 
current was 800 mA, the bath temperature was 29.90°C, and 
the estimated Q f was 0.736 W. The time of the 
measurement (taken at the end of the calibration pulse) 
was approximately 0.20 x l0 6 s after the beginning of the 
experiment. t 

Figure III-4B is the same as Figure m~4A except 
tine of measurement approximately 0.54 x I0 6 s_ estimated 
Q ; - O.008W. 
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Figure ur-4C is the same ag 

t«- or measurement approximately x x £ ^ 
Q, = 1.S34 W. S - Es tested 

figure II1- 5A shoWs cell tereperature 

(upper, and cell potential vs. time (lover, plo , 
0.4 x 1 ?s i-w , uuwer ' Plots for a 

" • " M "•"rod. in „.«, LiOD solution 

curro„t de„ slty M M ^ ^ ^ 

Figure iri-5B shows r-oii *■ 
, , snows cell temperature vs. tine 

upper and cell potential vs. time (lower) ^ 
0.4 x 1.25 cm Pd rod electrode in 0.1M LiOD 
^r en t density 64 mA cm" 2 b.t-H ♦ solution. 
„ . . ^ MC " ' bath temperature 29.87V 

This ts a different cell than that -> • 
5A# an that s,low n m Figure in- 

Figure II.I-6A shows the 

generation as a function of time for th cell T 
III-5A. G CC11 ln figure 

Figure III-CB shows the rate Qf exc 

generation as a function of time for P> 
IIi-50. — in Figure 

. Figure III-7A shows total specific ex. 
output as a function of time for \ ' el ? ^ • ^ 
5A. 11 in Figure Ill- 

Figure 111-70 illustrates total ~-n 
energy output as a function of ti m / 
Figure Ill-SB. ^ f0r th ' in 

Figure Iir-0 shows the eel I h 

P ..t f W ....x..„ „ Pd »- 

period durin, », ich th . CW1 „ e n C :"^' n i °- , » "«> '« « 

crii to boiling. 
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Figure III-9 is a Log-log plot (excess enthalpy v , 
urrent density) of the data in Tables IIl-j and III- 
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According to one aspect of the invention, it has 
ceen discovered that isotopic hydrogen atoms, such as and 
preferably deuterium atcns. when accumulated in the 
lattice of metals which are capable of dissolving 
hydrogen, can achieve a compression and mobility in the 
lattice which are sufficient to produce heat-generating 
events within the metal lattice which are believed to be 
fusron-related, as evidenced both by the amount and 
duration of heat released from the lattice, and by the 
generation of nuclear fusion products. These heat- 
generating events may be associated with neutron and 
tritium production, and perhaps other nuclear reaction 
products. , 

Section I describes materials and conditions 
suitable for achieving the required conditions for heat- 
generating or neutron-producing events within a metal 
lattice. 



Section II describes the generation and use of 
neutrons according to the present invention. 

Section III describes a detailed analysis of 
conditions and events relating to heat and neutron 
production according to the present invention. 

SEC TION I 

ii^jiGejicr^t.inq^Condj t ions within^j;^^^^,^ , 
A - Metal Latt ice 
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Metals and metal alloys uhi.K 
.- Present invc „ tio „ j; : «• u,. 
a,s=olv ing hyd in are c,p. lbl , ot 

oiectrolytic aeco.positic, „ f h ^ r " : ;' t SUCh " (i > 
"V^en. ,H, adsorption „ t , 
lattice surface. and , dl( t " e s "°" 1< = ^"o*" O" the 
the lattice. of atoms into 



The metal js also proferabl . 
its structural integrity vnon iL -antainin, 
-pressed into cho tt lllT'T^" "~ *™ 
..... near hyaride saturation. TtMt J:*""*"*""—, 
lattice should be capable o, so.,, 

an increasin, " «.c.i„, as 

a» acc„„„ lated a „ d COBp „ ss : a f J-*- atcs 

ha. hi:; z:z:ir;; r : hydro9e - * — 

-U„ea herein e . £ „ ^ <-ich are 

■otal doped oith selected ^ ^"^ — ana 
"ooller et al.' 1 ', Ron et al »> „! », ° > " !:?P " ! ' 

It »..<»>. ana Bambafcadls"^ ' -naapani 
.— -^o, emu particularly mn,,>: 

iriaium. osmium, nicj Z ' «*«.-. 

~. such as paUaaru* ^'^"L"^" 
alloys, are favored as ar „ ,k P alla diu»/ceriu=, 

tita„i U „. 21rconiu „; »» — 

■■illusion of isotop c lT ,ted ^ """" '-»• «i«h 

the ■attic, is able to " «* !»«.=.. 

to adept cin expanded hot--, ^ 

«" a M,h concentration „ f aL t usea "^^ 
the lattice, ana e ff ec ti ve ly prevents ^ 
and craefcing. ^aiized strain 
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one possible mechanism for the nuclear-fusion events 
which are believed- to occur within a metal lattice 
charged with isotonic hydrogen involves . correlation 
between the valence electrons in the metal lattice and 
pairs of isotopic hydrogen which allows the hydrogen- 
atom pairs to become more localized and therefore more 
likely to fuse. Fusion occurring according to this 
mechanism may be favored by fermionic metals s_e 
metals characterised by n(1/2) spin 5tates _ ^ ' 
fer.ic.nic metals would include titanium isotopes 22 Ti 
and Ti 49 (together making up about 13* of the naturally 
occurring Ti nuclides), « P d 10 s (jaaking up about 22 
percent of the naturally occurring Pd nuclides) 27 C o 
(making up^ioo* of naturally occurring Co nuclides) " 

Ru„ and ru 10i (together making up about 30% of the 
naturally occurring nuclides). « Wljoj (making UD ^ Qf 

naturally occurring Rh nuclides) , " lr , BlVinn 

ir i93 (waking up about 

63% of the naturally occurring Ir nuclides,, and »o t 
(making up about 33.81 of the naturally occurring Pt 
nuclides) . 



Naturally occurring palladium may • be particularly 
favorable, since the isotQpe ^ ^ relat 

large neutron cross section compared with other major 
isotopes present in naturally occurring Pd . Naturally 
occurring rhodium is also expected to provide a highly 
favorable lattice. 1 

As will be appreciated below, the metal lattice 
should also have (or be treated to have) surface 
properties which are favorable to charging with isoCopic 
hydrogen atoms. Where the metal is charged by 
electronical decomposition of 1S oto P i c hydrogen water 
as described below, the surface should favor the 
electrolytic for,aticn of atom lc iaotopic hydrog<?n ^ ^ 

.nrr PMCCT 
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lattice surface, and also favor efficient absorption - 
the atomic isotopic hydrogen into the lattice The 
Utter requires win be defeated in certain metals 
such as platinum, whose surface efficiently catalyses 
conve rsion of atomic isotopic hydrogen to molecular gas, 
at .he expense of absorption into the lattice. 

For this reason, and as will he readily a PprGci;5Ced 
by those of sUU in the art, metals such as piatinu.. 
which otherwise might provide a favorable metal lattice 
environment for isotopic hydrogen fusion, may fce 
unsuitable. As will be discussed below, th . proble;a of 
molecular hydrogen gas formation at the latt.ee surface 
can be minimized by the use of catalytic poisons, thus" 
making usable otherwise potentially unusable metals. 

impurities, such as platinum, in a bulk-ohase metal 
such as palladium, may also inhibit isotopic hydrogen 

torn charging of the lattice, by promoting molecular cas 
formation at the expense of hydrogen atom absorption ' I, 

his regard, i t ls known that ^ y ^ ' ' ' ' 

to migrate to the surface of a metal uh.„ 

tem P e rat for casting or annealing. K^r^Z" 
metals such as palladium which have been formed bv ' 
casting or annealing may have significant platinum 
-purities- at their surface regions, and may therefore 
show relatively poor charging efficiency. Conversely . 
solid lattice formed by casting or annealing, (ollow d v 
machining or the liko t-^ - 

would h , ° Uter s6r ' ace «9ions 

would have relatively lov surfoCc impilrities ^ 

machined lattice may be further tro ^ ^ 
abrasives, to remove po Ssiblc surface contaminants fr , n 
t.,e machining process. such methods for reducing 
impurities in a metal lattice are known. 
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As vill be seen from below, a feature which is 
beloved to be important in the invention is charging a 
metal lattice to a high accumulation of isotopic hydrogen 
atoms, particularly deuterium. m metals such as 
palladium which are .known to undergo significant 
hydriding (with ordinary hydrogen) over time (e s 
Veziroglu< 4 >, RonetaI. <3 >. Mueller et al. < 2 >) ,""Tt ' is 
therefore desirable to remove at least a portion of the 
ordinary hydrogen present in the lattice prior to 
charging, sinqe this preexisting hydrogen may limit the 
available hydride sites in the lattice. Host preferably, 
all of the hydrogen should be removed. Methods for 
removing or desorbing hydrogen from a metal lattice such 
as by melting and cooling, or vacuum degassing are Known. 

Figure I-lB illustrates a Pd-D (palladium-deuteriun) 

lattice, showing deuterium nuclei moving freely into and 

out of a cell. Although the correct description of the 

palladium/isotopic hydrogen atom system is still 

uncertain, experiments performed in support of the 

present invention, in conjunction with subsequent 

experiments reoorted hv r.t-K«^^ .,. ... 

. , .., *.,« A> , att . L ,„j xoiiowing 

features: 



1. The isotopic hydrogen atoms are highly mobile 
with a diffusion coefficient for deuterium, o a . of about 



10° 

-7. 



cm s at about ioo' K. This feature has been deduced in 
part from the measured electrolytic separation factor s 
for hydrogen and deuterium, which shows that f> varies 
with potential and approaches a limiting value of 9 5 
indicating that the atomic species in the lattice a^'-o 
loosely bound as to behave as three-dimensional classical 
vjbr.itors. 



2. ^ -otopic hydrogen ato';; exist as nuclei, 
deUte "^ (D*) in the lattice, as evic 
migration of the nuclei in an electric f le ld. The 



by 



o be deiocamed in th . ^ stru „ uco „ ;he 
lattice. 



3. it is possible to accumulate enough isotope 
hydrogen atoms in the lattice to raise the chemical 
potential of the lattice to above 0.5 eV, and perhaps as 
high « 2 .v or more above the chemical potential of the 
-tal eguUibrated with the isotopic hydrogen atoms at 
standard pressure without input q{ 

4- Although the repulsive potential of the 
-otopic hydrogen nuclei is shielded to some extent by 
electrons in the metal lattice, it is unlikely that 
molecular isotopic hydrogen, ^ , D is f ^ 
he w eak s-character of the electronic wavefunctions . 

ha notb ° f in the lattlc , 

nas not been observed. 

The metal should be a solid form i e in h , 

^-■^rri" d T bod in » 

iveiy, the natal may be i„ thin-film 
fon, a, described in Section IE bejow. or in poudotM cr 
7" P " tlCl<! ■«* » "»e„ eh . lat tice J. to be 

charged by heatin, i„ the presence „« .oral hyd ide S » 

described ln Section ,„. Th e anodo =ho „ Id bo J" 

spaced f ro„ the catbode in any tnoS e 

order to achieve uniiorn charging. 
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B - HTectro lytic Comp re ssio n *~" " 

Figure 1-2 shows an electrolytic cell or system 10 
for electrolytically charging a metal lattice with 
isotopic hydrogen atoms. As defined herein, "charging" 
means concentrating isotopic hydrogen atoms into a metal 
lattice. The charging process is also described as 
"compressing" isotopic hydrogen atoms into the lattice cr 
accumulating said atoms therein. As will be seen, the 
charging or concentrating process must be capable of 
concentrating isotopic hydrogen atoms into the lattice to 
a concentration significantly above the concentration of 
the hydrogen atoms in a metal hydride equilibrated at 
standard pressure (1 Bar at 273°K) . 



In the electrolytic charging process illustrated in 
Figure 1-2 , " an. aqueous solution of isotopic hydrogen 
water is electrolytically decomposed to form isotopic 
hydrogen atoms, including (designated 1 H, or H) , 
deuterium atoms (designated 2 h or 2 D or D) , and tritium 
atoms (designated 3 J M or 3 T or T) , and preferably 
deuterium alone or in combination with ordinary hydrogen 
and/or tritium. The invention also contemplates loading 
of lithium atoms into the lattice, either alone or 
preferably in combination with isotopic hydrogen atoms, 
to achieve nuclear fusion reactions involving lithium 
nuclei, such as neutron interactions with lithium nuclei 
within the lattice to produce tritium. Suitable sources 
of lithium for charging are given below. 

The component which is decomposed to produce the 
isotopic hydrogen atoms is al^o referred to herein as the 
isotopic hydrogen atom source. One preferred source is 
an electrolyte solution of deuterated water, or an 
electrolyte solution of deuterated water containing 
ordinary water and/or tritiated water, containing an 
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electrolyte such as LiOD or Li c a ^ 

variety of isotonic » „ r * ^ ex ™P^- A 

y o* ectopic hydrogen aqueous r OUrr „ 
deuterated and or triH,i- ^ -ources, such as 

or trxtiated acids n <zn r~ 
deuterated or triti-.f-oH k ' 2 4 e *a<"Ple, and 

capable of elec ro vt h ' ^ 35 H ' 0D ° r 

electrolytic decomposition to f 0 -„ th o 

::::r:r:;:i::/i:r b :' inciua - 

0.5, ordi„ 0 r y „ accr J„ " " r0tl<> " bet — «~« 
voter. *>«.«„■ a„d/or triti.ted 

Alternatively, th> sou isoto „ ir . „ „ 

be water. -u t „ oted .„ ato ° a -v 

any combination of the t-hr-. • tri tiated water, or 

—n of ordin : r h ; -™ T - - t 

lattice to the total deuterium nuclei TT*" ^ 
tritium nuclei (tritons) i« T Cdeuteron.) and/or 

to 1:5. ' Prefera ^V between about 5;1 

A variety of non-aqueous solvents »,„ . 

.„„„. of th . h ; r ;: y at auo 

solvents m.-w ? .,-,.._,„ • parogen atoms. These 
' - — Jsocopic hydroqen at-nm 

other nitric. formamido , other 

Pyridine,,,. .. ta , ion3 , „ ions a ' W r.l... 

•»«_.-. po ly „u Clear atOM j'; •"-««. 

reductive deception to y J d isoto : h |n " Md ""° 

*7 a= - ot„„ suiLe atw 

solvents „ ay be dUuted or su -■ ™* 

contMnin, either non-isotopic or i-or """^ 

The source fluid „ ay als0 s „ 

— ,„ ncti o„ = to P „ 1M „ :n „ catalvtic ~- 
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cathode, to prevent reaction of surf ace'bound isotopic 
hydrogen atoms with isotopic water, to form molecular 
isotopic hydrogen gas. A variety of compounds which are 
effective to inhibit the catalytic formation of molecula: 
hydrogen on a metal surface are well known. These 
include a number of sulfur-containing compounds, such as 
thiourea or hydrogen sulfide, as well as cyanide salts 
and the like and are added to the fluid in amounts 
effective to preferentially inhibit molecular gas 
formation on the lattice surface during electrolysis. 
Concentrations of catalytic poisons which are effective 
in electrolyte solutions are known. Components to 
enhance electrolytic activity such as lithium sulfate may 
also be added. 



The system may further include a non-submerged 
heating or catalytic element (not shown) which can be 
heated to promote catalytic recombination of molecular 
isotopic hydrogen, such as D 2 (formed at the cathode) ar 
0 2 (formed at the anode) to regenerate isotopic water. 
It is additionally possible to hove a submerged catalyt: 
anode to serve this same purpose, particularly when tne 
system is infused with deuterium gas (D 2 ) . 

As shown in Figure 1-2, the aqueous source of 

isotopic hydrogen is in a container 14. which is 

preferably sealed, to recapture material, such as 

molecular isotopic hydrogen, which may be - generated 

during electrolysis. The cathode or negative electrode 

in the system is formed by a metal rod ir, whose lotticc 

is to be charged with isotopic hydrogen atoms. 

indicated above, the cathode may be a block in the form 

of a plate, rod, tube, rolled or planar sheet, or the 

like, or an electrode having a thin-film metal lattice. 

ar, detailed in Section ID. As win )-r> , . . 

Mo ji.j to appreciated belcv 

the shape and volume of the cathode win determine the 
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anode cent iguration shown in t-ho r< 
expected to produce a relatively uniforffl h ^ 15 

- anode may be any ^ < 

Platanum, nlckelf or c ch as 

with the liquid components in the c ^ 
undesired reactions. container to produce 

A charge-generator source 20 in ^ 

«.-, ««=« c „„ ont , 0 . c ., pouer sou T ;° - ■ 

current source. C * ch *rge or 

«o», i„ cb<! Mtal ,„ " «°P- hydrogen 

currents »ay bo „„„ „„ d *" ««" l»9her 

!ar 9 er c 1ChM , s or „ ie „ ^ " ^ P««.r.bl. ,or 

Huid=. r.r cutrent lm " s tl J •i«t,., vtle 

■0.000 „,„. or hi9h „ miqht ^ « as 

.ppli=«i-». „ tne current Me ^ 
^e tU ffusion rate lsotopic 

lattice „a y becone rate limitin k ""^ th * 

vhicl. levers the eff^ienc- „, , lsot <>Pie "yoroeen. 

"•' °' "«« 9oneratio„ ia t „„ 
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system. A stepwise electrolyte charging of the cathode, 
as illustrated in subsequent Sections, may be useful in 
avoiding the rate limiting effect particularly at 
increased current densities. 

In a charging operation to accumulate isotopic 
hydrogen atoms, the source fluid is placed into the 
container 14 to a level which submerges the electrodes, 
and the charge-generating source is initiated by being 
set to a desirable current level. The total required run 
time for a metal lattice of Known dimensions can be 
generally determined from the above diffusion coefficient 
of about lCf 7 cm" 2 for hydrogen and isotopic hydrogen in 
the metal. Typically, for a metal rod whose diameter is 
in the mm range, run times of from several hours to 
several days may be required to reach the desired 
chemical potentials. For rods whose diameters are in the 
cm range, run times of up to several months or longer may 
be required- An example for charging is to charge a 
cathode at a relatively low current level of about 6-1 
mA/cm 2 for about 5 diffusional relaxation times and then 
to increase the current to a level of 120, 256, 512 
mA/cm 2 or higher in order to facilitate the heat 
generating events as is suggested by Table A6-1 in 
Section III. It has been found that the charging time 
(which varies at different cathode temperatures) 
generally follows the equation: 



Thus, for a 0.2 cm radius palladium rod, the time needed 
for sufficient charging to initiate heat generation is: 



time ^ _5 { rad iu s) 

diffusion coefficient 
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The charging of the metal, j^g. , electrolytic 
compression of isotopic hydrogen in the metal latticc f , 
carried out to a final chemical potential of isotopic 

ydrogen n the metal, due to accu.ulat ion/compression of 
isotopic hydrogen nuclei in the lattice, which is 
sufficient to produce a desired level of heat -genera ting 
events within the metal lattice, as ev ldenced both fcv ^ 
amount and duration of heat generated within the lat'tic. 
and, where the isotopic hydrogen is deuterium, by the ' 
generation of nuclear fusion products, such as neutrons 
and tritium. ns 



Preferably the metal is charged to a chemical 
potential of at least about 0.5 eV above the chemical 
potential of metal hydride equilibrated at standard 
Pressure (1 bar at 273 ° K) i^. withouc 
specifically, the chemical potential of the charged 
cathad. net*! 1S determined against a reference w ire ef 
he same metal. palladium, which has been charced 

el-trolytically with the same isotopic hydrogen atom 
then allowed to equilibrate at standard pressure blr) 
It i. estimated that the reference wire contains about 
0.6 atoms of isotopic hydrogen per metal atom at 
equilibrium. The chemical potential is determined 
the voltage potential measured between' the charged metal 
cathode and the equilibrated reference wire ,t will 
recogni.ed by those skilled in the art that the chemical 
potential expressed in electron volts fcV , is general^ 
equivalent to the measured voltage potential- i e a 
measured 0.5V generally translates to a 0.5 evthemical 
potential. It will also be recognised *w k 

potential required to produce heat-qen P r^i 

1 generating events nay 
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depend on the metal being charged. Therefore, some 
metals, e.q » . zirconium, may produce such events at 
different, perhaps lower, chemical potentials. 

The electrolytic reaction steps which are 
responsible for charging a metal lattice in the system 
described above will be considered with respect to an 
alkaline solution of heavy water as a deuterium source 
Below are shown the four reaction steps which must be 
considered when DO is reduced at the cathode: 



where D, n indicates adsorbed deuterium atoms, and D 

adB ' lattice 

indicates deuterium diffused into the lattice. 

At potentials more negative than +50 mv (referenced 
to a reversible hydrogen electrode) with the Pd-D lattice 
is in the beta <fl) phase, deuterium is in the form of 
isotopic protons and is highly mobile. 

The overall reaction path of D 2 evolution consists 
dominantly of steps (i) and (ii) so that the chemical 
potential of dissolved D* is normally determined by the 
relative rates of these two steps. The establishment of 
negative overpotent ia 1 s on the outgoing interface of some 
metal electrodes for hydrogen discharge at the ongoing 
interface (determined by the balance of all the steps (i) 
to (iv)) demonstrates that the chemical potential can be 
raised to high values; chemical potentials as high as 0.S 
eV can be achieved using palladium diffusion tubes CO 
eV cr higher may be achievable). 




(i) 
(ii) 
(iii) 
(iv) 



ads lattice 



D .ds + D adK - D 2 
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Figure 1-3 is „ 8cheBa 
system or cell 24 havinq a . . , ° f an el *ctrolytic 

— „„ fi9 :;i t : o rr:n^ ck : - * 

provided with a series of container 26 is 

h C """ d by —roim. co»pressio n „ * " " " fc * 
hydrogen ato.s, in a „. r ,,„ . ' th "°topic 

membranes are prefera * ^ ^ -vention. Tne 

^ns 28a, 28b associate, vith ' »~ h « 

dissipating he - — - in ^ br :;; s for 

The membranes are joined by sealin , 
the container along their too k ^ Vails of 

-a thus partition the lnt J; r ^ edges, 
closed compartments, such as th cont ^ner into M+ i 

left s.de of the container l^TT^ " 
! 3 ' ~ment 3* between memb an ^ 

compartment 38 between the membra ' ^ the 

- the container in the figure. "~ " " ^ side 

A valve-controlled conduit 4n 
compartment 34 for fillina " ° CO! ™ Ur >^tes with 
,. . . ■ r rill ing the chamber with „ 

operation. A conduit manifold 42 ' 

compartments other than n con «™ni eates with tfte 

r than compartment '34 
(not shown, one f or each 34 through valves 

— :r:: r :r c ,r:;r: t - - -» »■ 

charge-generator source ' and a 

urce .4 connecting these two 



i 
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electrodes. The electrodes may be any suitable electrode 
material. Preferably, the anode is platinum or carbon, 
and the cathode is palladium. The charge-generator 
source is designed to produce a current between the 
electrodes of preferably between about 2 and 2000 mA/cm 2 
(total area of the membranes) , as above. 

A series of limiter circuits, such as circuit 46, 
one for each pair of membranes, such as membranes 28, 30, 
function during operation of the cell to equalize the 
currents in adjacent compartments, for a purpose to be 
described. Such limiter circuits are known in bipolar 
cell stack electrolytic cell circuits. 

In operation, each compartment is filled with the 
source fluid, such as lithium deuteroxide { LiOD) and 
ordinary water in DjO, and the current in the cell is 
adjusted to a suitable level. As indicated in the 
Figure, the voltage potential across the anode and 
cathode is distributed, in a series configuration, across 
each membrane, so that the left side of each membrane is 
negatively charged with respect to the impdi^oiv 
confronting anode or membrane surface, and the right side 
of each membrane is positively charged with respect to 
the immediately confronting membrane surface or cathode. 
Thus each compartment functions as an electrolytic cell 
in which the solvent source of isotopic hydrogens is 
electrolytically decomposed at one membrane surface to 
form isotopic hydrogen atoms which can then diffuse into 
that membrane. 

The electrolytic reaction steps which are 
responsible for charging .» metal lattice in the stacked- 
cell system will be considered, as in the Figure 1-2 
electrolytic cell, with respect to an alkaline solution 
of heavy water as a deuterium source, and the four 
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fi) 
(ii) 

(iv) 



Reaction (i) occurs at the rinhh . 
—ran. in eacn co „ partoe „ t ^ ^ ««• 

compartment. Because o „ s P*«es ,„ the 

- «r« ly n^u.i-t-::; ::: e r:;::r d r inantiy 

into and throuah ^„ u to be draw n 

cnrough the membrane toward the rn-i, ^ 
can ,^ to th . ri9ht in ^ fi9ur ;« « t r the 

revise direction produces n 
whach can then react wlth the OD - fon ^ P °- 

to compartment. Alternatively,, the D 

in the compartment, via reAct n { J^o ' ^ 

the compartment. The rh ,_.„„ _ ' ' ^ f0n » °> ^ s i" 
•» ° f «" Pl.t.. are runT^^ ""^ 

As indicated above, the limiter circuit 
equalize the curr^nh . circuits act to 

current ln each compartment It , 
appreciated that by maintaining the current 
compartment substantially equal th^ ^ ^ 

q J ' the amount of n 
in one compartment an,, Uravn throuoh ' th „ ° 
the r^ht-aUJacenc compartment u U J , ^ ^ 
ooaa. to the amount or OD" formed in * :iMl11 " 

compartment. This . ini » i:M t „e formation^T?""" 
» «- comp., rt » ent= . ^ „ a;( . ni2 » - termed 

b " " - OD' at the monoran " " 



-29- 



One advantage of the stacked plate arrangement just 
described is that the amount of and D? forn)Gd u fche 
system is minimized since 0 2 formation is substantially 
limited to compartment 34 and D, formation is likewise 
minimized by recombining with od" in each compartment. 
That is, the total chemical potential in the system, 
which is the sum of the individual chemical potentials of 
each membrane, per amount of molecular gas formed by 
electrolysis, is increased. The efficiency of the system 
is increased accordingly, an d problems of recycling 
molecular gas are reduced. 

The stacked plate configuration also allows for a 
rather dense packing of charged plates, without the very 
long diffusion times which would be required to fully 
charge a solid block. The dense packing of charged 
plates, in turn, will result in a rouc h higher neutron 
beam flux, as measured, for example, at the right side of 
the cell, since a large percentage of neutrons ejected 
from each internal plate will pass through the entire 
series cf plates in the cell. 

C Charging wit h Metal Hy rlriH^ 

Figure 1-4 illustrates schematically an alternative 
system, indicated generally at 50, for compressing 
isotopic hydrogen atoms into a metal lattice, in 
accordance with the invention. 

f 

The metal to be charged in this system i s i n the 
form of an intimate mixture of the metal and a metal 
isotopic hydride, such as a fused metal isotopic hydride 
salt, or a mixture of a fused metal salt and a metal 
hydride, which provides the source of isotopic hydrogen 
ate.-.s. Exemplary fused -etal hydrides include Li/Ha/K/D 
(deuceride), and related hydrides such as Li/Ma/D. 
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Exomplory mixtures Qf 

natures of Li/„a/K/Cl ltS J " c ^de eutectic • 

-«ch as Li/K/C1 and °< *nd Elated fixtures. 

Ma ° ° r UH ' LiH or NaT. 

The intimate fixture whir . h • 
5, in r igure x . 4 is ; » shown in pellec form 

such as particles 5, with ! h BIXin » particles, 
Elating the .^^J* ^ and 

tD know » P*".tiz ing methods r eSiVS fDnn ' 3CCOrdi ^ 
nVdride salts is calculated to ° f " 8tal t0 

•~~ i-topi C hydroge G ~; -v eralfold 

mixture. metal atoms i n the 



The mixture is sintered at , • 
temperature belov the meitino • SUltable Entering 
according to Xnown sint P ° ant ° f Pal ^um, 

^ture. After sintering, the ch d h " tU * ° f th. intimate 
serial is measured, J'J** Potential of the 

sintered material may bc ' " ne «ssary, the 

-1-trolyticall,, to brln ^ 
-terial to a Jsired Lll - the 

Alternatively, tne mi 
-erg y iasers (not «n be heated by hlfJl ,_ 

—ion of hydrogen iJLZ l^^ ^ 
-"rce into the l attices „/* at ° ms produ ^d from the 
-cUically, the heat lou ce s m r al -re 
-ergetic shoe, „ ave su fficicn t0 P™vid. an 

atoms into the metal to , , , ^ h >' d ^n 

least about 0.5 oV . w ithin , na \ ch ™*«» potential c: a - 
less. lthln a P^iod of nbout a USGC cr 

Devices for fo 

- £ ."tnrjrr ont ° p — 

F °" Jean technology 
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developed in connection with inertiai" cTnfinement of 
high-temperature plasmas. 

It will be appreciated that the metal lattice formed 
by the sintering method can be prepared to contain 
selected mole ratios of isotopic hydrogens atoms, such as 
selected levels of deuterium and tritium atoms. 

D . Thin-Film Lattice 

Figures 1-5 and 1-6 illustrate two types of thin- 
film metal lattice composite electrodes designed to 
support more controllable fusion reactions, in accordance 
with another aspect of the invention. The electrode 41 
illustrated in Figure 1-5 is produced by forming a metal 
lattice thin-film 43 on an electrode substrate 45, such 
as carbon. 



In one embodiment, the substrate 45 may be an 
"inactive" material which itself cannot be charged with 
isotopic hydrogen atoms to a level which supports nuclear, 
fusion events. 

Alternatively, the substrate 45 may be a material 
capable of supporting fusion reactions when charged with 
isotopic hydrogen atoms, as above. One advantage of this 
configuration is that the surface properties of the 
substrate material can be largely masked in such a 
composite structure. For example, the substrate 45 nay 
be a platinum metal lattice which is coated with a thin 
palladium film 43. Here the palladium is effective both 
to promote surface adsorption and diffusion of isotopic 
hydrogen atoms into the electrode film .,3, and to prevent 
catalytic formation of hydrogen gas at the platinum 
interface 44. 
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in the embodiment in which boTh ,-h 

«» "1- or. lattice, which c,n bl h ^ 

hydrogen, to produc(? h eat- g en e rat L " Atopic 

-bstrate material is prefer^ re3Ctions ' 

*>«».. of it . l evel ofL " ^ ""^ ° lth « 

catalytic properties °' -rfoce 

properties, cannot by i tsp ) f K 

os, iu „. nick<>1 _ c p obal t un ' tuth -'». 

titan!™.. p latinum , ha(niuB 

support e„er, y or „ eutron . pro( , uci J - °"« >*«. =a y 
selected Conical potential .,„„ 1 Ctl ° ns ' " » 

U- .etal to be cC/ a! r 5 r faCe P " PertieS 
»1» »«tals include thos. L Prefe «^ Sin- 

—din, paliadlu „, ^ «^«-««-. 

««.., cooalt. iro „, 2ir co„ u „ ^ ldl ™' ° Sni """ 

alloys thereof. m „ st Dr „, " 1 "" UU ='' ""niUB, and . 

ruthenium ,. erao Iy palladium, rhodium 
' ,ridlU):i , and zirconium. 



The tlun-£ ilB may be f 
th.n-fam deposition methods inr .* J! ^ ° f knwn 

evaporation, and chemical vapoTdtT' SPUtCerin 5, 

-e de P o siti on conditions ar: ; e i: e T;° n - 

or betveen about 5o _ 500 , ^ J- Pro-uc. a rlla 

films may be suitable. ^though thicker 

In one thin-fiJm method n, , 
out in a Cosed c .no„oar o y D C 1 ^ *' 

sputtering, at a selectM ' """""'"<"' °* »F Pl«» 

tcced pressure of imr. - 
«■•• ™. 9»s pre s=1 , r(! ,„ (he • "»<■'•«» 

isotopic kronen Jto „ s ,„ « "«ctcd 

—P.O. tne sputtcri „ g '" lattice. , cr 

deotorio./tritiu. at.ospnerc to - , " 
a ^sired concentration of U„, lattice with 

of isocop lc hydrogen. 
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r Jt co *i, such as descriK^ . 

=°Ha „ t .i 1>ttle . c» thode . xrr - in piac ° ° ; 

~'«el«t to promote . JeT^" 

HP 7 ° f ele ctrolytic current 

supports fusio „ r « octiOTS th « Which 

««i=»r to a desired lovel a " th ^ " I «««»r 

r . utlv . lr quic ;; ; e h :„ir ion " m - 

dissip„ ti „„ trom t „. ; «<W»g. »l:.^, t 

««P1.. through ThTlT bstrator f ° r 



figure 1-6 show a tubular electron „ 
fcroio, a thin „et al-l att ,cc ,« 1 """"^ 
tubular substrata 5J Th ' ' " °" 3 SUit! ""« 
—to, such as a'crboo r^d or'.lT ™ lB,Ct "' 
- — » f a ..ateria! LT^™ . 

^;;T:z;r; b :r — ---^ 

In still another embodiment fh„ * u 
• —ri... such as tungsten, u i c , e " » «- * 
absorb 9Msra rays or other radiar '"""rve to 

.»„ the P rod„c t ;::' :r:;rzv" ths 

eobodi.oot. the c„er„ proved b v re ctio^ 

" «" "Spared bet,, J "'I T 
tluid (low. ' internal and external 



whose ntcns con be 
9h en ° r=y Wa "Y°. neutrons. 0 cr , 



toabordoent with hiqh ^77 tr ™**»™ by 
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particles produced by the 

«*•• — . substr i t ;: r -r; nts in the thi - 

Produc selected metaJ iso opes 0 ^ T t0 
S -h - a s eraiconductor 5u J 5 - to ^pe a sub strate , 
atopic dopants. G ' Wlth "l-cted ». tal 

I" accordance wl^T^^ 1 ^^ 
--tion, tbe a Ppar I 3 e ; — - «». present 

siting raeans , ay ;:: lu h ;: h energy rays - 

f«> incorporation of radioisotopic ato , 

«nich become radioisotope U pl ^ 
neutrons) into th„ «Pturi„g 
/hi • netal lattice- 

<b) —^ration of radioisotopic a' ' ■ 

fluid source of i t 105 in th <* 

f C ) f - atopic hydrogen - 

ic) for.atzon of a thin Bet .l lattic ' 

radioisotopic substrate; °" 3 

Caon of a radioisotopic thin 
m *tal lattice substrate; ,ilc ° n a 

f e ) Placement of a c- 0 i;,, 

"ithin the core nf ^^ .... . lattlce ' «uc.1 as 
ncorp„r, tion of » « 

^ Che adjacent ^ • tho 

""ttic. and/or th. , lnto the 

oj ho»„„ d „ en /: ^ 'f -"t ?Ubstrate; or 

««9r P.rt.«. awc . or " 

a neutron o- r>n~ ; ► er,1tor . such as 

* Positron source nr 

deuteron accelerator. ' * Pr ° t0n Cr 

In one embodiment th 
atow. sucn as <° C o, 'oC"?""^ radioactive 



'Ru. U7 Cs, no. 



f> CT/i.'syo/oi3; 
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' Lr * r or 244 



and /or al pha { ° r Cm > which emit gaaiBa , , 

Alh P ^ ... and/or beta r/j, ^ r ^ys 

Alternatively, or £ . ^ P^rticJes. 

3ec. hagh energy D . rf .. , PCUrin 9 neutrons, cr 

' example ^ ng neutrons 

Produces neutr. V C ° ntai » berylii,, 

bombarded with k- can e *it neu^ 

with high- sner ^ neutrons when 

"<"oisotop ic source 9 or PLC a , ai „ st , 

° r solution of „„ - . su! »«9cd in a 

r — .. t ne7:;;;;r:r; r s - r - 

p r o to „ 5 , deute :„:~ wu. hig n- e „ 8r h ;; 

^igh-enerov r^>~* - , r the like f>-^ 

yy particle c- olty . from an pv^v. 

1CaJ discharge. 




This section 

"'<= reduction of D,o <ro , ,, b " M »» tl>. 

:<? nti a i. .. 0 ? Uf 2° s °l»Cionn. Elo . 1,1 

ai - -ere measured vifh E1 ectrode 

•ctrode ar ^ h res Peet to -, r>_j 

^ at phase erni);i . a Pd-D rr.fr.t- 

io-ing .... Ull!bri «. os descrih , Grencc 

9 -.Pes of otoe r - e - cr ^ed above. The 
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(1) Calorimetric measurements of heat- h ,i 
low nirr»^ j • . neat balances at 

low current densities (<i . 6mA cm' 2 ) were „„ , 

wen x 8cm Pd sheet cathode fobt-ifn~i * 
Matthev prn (obtamed from Johnson- 

ndttney, PLC) surrounded bv a i -.t-~ 

com .„ . Dy a lar 9 e Platinum sheet 

counter electrode. Measurements were carrier, l- 
Deuar roiu • . carried out m 

ar CeIls "aintain 9 d in a large const*,,,- - 
water bath noo°ia th ► c °nstant temperature 

n (300 K), the temperature inside the cell ,„h 
«f the water bath being Stored with Bee*. nn "* 

Dewar cell and contents and the rate of Newton's law of 

it ::i :™ determined by a — - -To l 

oy following the cooling curves. 

d.nc*^ Cal0rimetric — cements at high current 
densxties were carried out using 1 2 and * ! 
v m i ' ' and 4 *un diameter 

x 10 c. ion, rods ,ob tai „ 9d trom Johllso „_ M , pLC 

grounded by . pliltinum ui „ a „ ode «* 
glass rods. The D«v ar cells uero fitt .„ * °' 

ho »>stcrs. sUrrine, i„ these eJIperiments U 

listed unH.r t> . . 4 na ln those 

o1 , " awuevea Dy 9 as sparging using 

ectro yucally generated In long term " 

t as been confirmed that the rates of additi / n of ^ 
to the cells required to maintain con-ant , 2 
that required if reactions {i) .""^ Vo1 — - 
-above, are nearly ..l.-cl,^^'^^!. 



40D " - 2t Y> + ° ? + 4e- (v) ' 



Furthermore, subtraction of the ohm 
the dominant process, i e it i* 1 b 

-.«», *. cos, eo Cha r;; q r ; ™ thac th « 

is co„„onea by procosscs „ : «••*.«» reac:ion 

* , and ( iv) 



with 
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this assumption. it has been found that ^ calo 
experiments using the large sheet Pd-cathode, the 
Newton's law of cooling almost exactly balances ^ rate 
of }oule heating (after prolonged electrolysis to 
saturate the metal latticp* uho „ .-», 

tClCe) ' when the metal is charged at 
a current density of about 0.8 mA/cm 2 . 

^ At higher current densities of i. 2raA cm ~2 and ^ 
ra eXC6SS enth ^Py generation of >9% and >25% of the 
rate of jo ule heating was observed (thes. values ma*e an 
allowance of about 4 1 for the fact that D 2 and 0 
evolution taKes place from o.lM LiOD rather than' D o 
alone). This excess enthalpy production was found\o be 
reproducible in three sets of long term measurements. 

Table t - A below shows the lattice heating eff ects 
which were seen with a variety of cathode geometries 
sizes and current densities. The excess specific heat.no 
rate was calculated as the amount of heat produced les<- ' 
the joule-heat input used in charging the electrode. Thc 
3 oul.-h..t input J, also referred to herein as the joule- 

heat equivalent, was dpt-omino^ w.. ..... 

. >-»it: equation: 

•3-1 (V-1.54 volts) 

where I is the cell current, v, the voltage across the 
electrodes, and 1.54 volts is the voltage at which 
reactions (i), , and (iv) balanced by 

are thermoneutral , ie., the voltage where'the cell 
neither absorbs nor gives out beat. The excess specific 
heat values are expressed as excess specific heat rate in 
watts/cm 3 . in 



\ 
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SType Electrode 
/H Dimensions 



table i-a 



red 

£2 .i»io«. 



rod 
rod 
rod 

rod 
rod 
rod 

sheet 
sheet 
sheet 



IxlOcm 
IxiOcm 
IxiOcm 



- 2xi0cm 
. 2xl0cm 
-2x10cm 

. 4xl0cm 
. 4xl0cm 
• 4xiocm 

- 2x8x8ctd 
. 2x8x8cm 

- 2x8x8cm 



l cm 



Current 
(mA/cm*) 


Excess 
Specific 
Heat Rare 
f war t y cn J [ 


8 

64 
512 


. 09 5 
1.01 
8.33 


8 

64 

512 


.115 
1.57 
9.61 


8 

64 

512 


.122 
1-39 
21.4 


. 8 

1.2 

1.6 


0 

- 0021 

- 0061 


125 


overheating 



The palters which affect enthalpic heat 
Products in the compressed i, ttfr . L\ " 
magnitude of the effects c,n k- " ature and 

— . » tr™ : rom - 

(a) excess enthalpy heat generiltio 
Produced in the lattice less the JcQ ' t0tal ^ 

required to charge the latti. equivalent 
- 3 charged cJitCr^"^ ^ 
applied current density M . ^"dent on the 

th. chemical potential ^1 "T^' ° f in 
of the electrodes i 0 " f Pr °P ort >°"» * to the vcl,,o 

' ^ ' th( J heating event- ,v 
in the bulk of the Pd-electrodos. 

(b) enthaJpy generation can exceed lo vat* , 3 
the palladium electrode- thi, ■ "-tts/ca 3 of 

C ' this ls maintained for 



experiment times in excess of 
typically heat in excess of 4 
was liberated. 



120 hours-~d\iring which 
MJ/c.n 3 of electrode volume 



(d excess heat substantially in excess of 

breakeven can be achieved. in fact ,> ^ 

lact ' xt be seen that 

reasonable projections to 1000% can be made. 

(d) the effects have been determined using no with 
small amounts (0.5-5%) ordinary water. Projection to the 
use of appropriate D 2 0/DTO/T 2 o mixtures (as is commonly 
done in fusion research) might therefore be expected to 
yield thermal excesses in the range 10 3 - loH (eV en in 
the absence of spin polarization) with enthalpy releases 
in excess of 10 kw/cm\ it is reported here ^ ^ 
the conditions of the last experiment reported in the 
table, using 0,0 alone, a substantial portion of the 
cathode fused (melting point 1554'), indicating that ve-y 
high reaction temperatures can be achieved. 

One possible explanation for the generation of 
excess enthalpic heat seen in the charged latM™ 
involve reactions between compressed nuclei within thT 
lattice. As noted above, isotopic hydrogen nuclei 
dissolved in a metal lattice in accordance with the 
invention are highly compressed and mobile. m spite of 
this high compression, molecular isotopic hydroaen « p 
D 2 is not formed, due to the low S-electron character of" 
the electronic wavef unctions . The ]ow-s character 
however, combined with the high compression and mobilitv 
of the dissolved species, suggests the possibility for \ 
significant number of close collisions between the 
dissolved nuclei. It is therefore plausible to consider 
that some of these collisions produce reactions between 



I 
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-»«.!. Three possiblo reactions , 

may occur in t-h« ^ ltrs ' which 

the case of deuterium isotQpic ^ 

1° + ^ - 3T U-°lMeV, + H(3.02neV) (vi) 
2 0 ♦ D-*,. ( o..2M.V> +n(2 45Mey) (vu) 

• i> - ife + ganuna(24 MeV) , ... 

' (viii) 

orochT" re3Cti0nS W ° Uld ^ " adil >' d «*-ted by the 
production of tritium (T) , and generation of h iol 
neutrons („> and gamma rays . °' hl9h ener ^ 

The rate of production/accumulation of tritium (T ) 
vas measur ed using cells (test tufces sealed with 
Parafxl., containing lmm di ameter x ^ 
• strode.. One mL samples o£ th . electro 
withdrawn at 2 day intervals, neutrally J tn ZZ ■ 
hydrogen pnthalate, and the ,- content _ d ^ 
using 8e aay-cel liguid scintillation coc.ta n 
3ec*mann .ssoooro counting system. The cou ^ 
e fa ; ie " Cy -t.r»i„e d to bG approximately J, u ^ 

standard samples of T-containing solutions. 

in these experiments, standard additions of lmL 0 , 
the electrolyte were made following sampling . 
0 2 0 due to electrol ysis in these J d ^ 0 ^ « 
experiments recorded here were made up usino D o , 

the experiments. in all of - 

an of the experiments, -jii 
connections were sealed. r 

The tritium measurements show that 0TO ^ 
in the charged palladium cells to the extent T 
-P-/.1 o f e le ctrolyte, FigurG ^ £ ^ ° f ^ -0 

h ' w «ich shows the /?- 

oca, S c,» tlll ,,i., spectra ot . typicM 

«• »P~«" I- indeed tritiu. 
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Figure 1-9 is a static view of electrical 
prater apparatus 3 2 constructed according to one 
embodiment of the invention. The apparatus generally 

t: : r r ct r 34 which generates — ^ ™ 

w a h the princ.ples of the invention. and a generatQr , 6 
which transform heat produced in the reactor to 
electricity. The embodiment illustrated employs 
electrolytic compression of isot op ic hydrogGn ^ f _ 
^ on aqueous medium to charge a metal cathode. 

Reactor 34 includes a reactor chamber 37 enclosed H 
a shield 38 which provides neutrons shielding. where a - 
here, the source of isotopic hydrogen atoms Is an a u . 0 I 
■•dxu.. the chamber is preferably designed for high 
pressure operation to allow fluid temperatures in the 
reactor substantially above 100°C. 

rods r aCt ° r Ch3mber h ° USeS ° r «t*ode 

rods such as rod 40, which serve as the metal lattice t " 

be charged with isotopic hydrogen atoms, in 
with the principles of the invention, and which ^er'erore 
have the properties discussed above which allow 
compression or accumulation of isotopic hydrogen atoms in 
the me al lattice. Although a single metal rod would b 
suitable for a relatively small- scale rea 

rods are several cm or larger in dialer,, a plurality Qf 
rods rs preferred, due to the long period, which woull ll 
reguared for diffusion into a large-diameter ro. 
Alternatively, the cathode may be a sheet in a pleated e - 
3 P iral lorn. An anode 41 is formed on the outer chance-' 
surface, as shown. 

The reactor chamber is filled with the source of 
atopic hydrogen atoms, such as LiOD in deuterated 



voter. as shown in the fi 
decomposition of the source and co 

-oto P i C hydrogen atoms int ; X - 

above. Th e cathode, anode, and charol' 

are aiso referred to herein ^ ^' ~or source 
producing diff us j on nf i . aeans for 

electrolytic means. * U) ' 3nd as 

Heated vithin the reactor to . boi, ' " Uid 

the generator for -tea. " Sh ° Un) uit "i n 

the charged M tai cathode,,, „ t e " orT^ 

-"a„ 9 o oetveen ". III/ 
generator, to drive th. reactor and the 

urjve the generator for e ). c ..,„,. 

::::::: — ■ - ~: », y . 
-ctrfct, gene::;;;/:;:::::- ct r tio " « «- 

— ^- T ~1 . -- - --- 



The generator may also include - 
circulation sys t em for sup plving SOUrc 

reactor, and for reaving reactlT "° ^ 

tritium. 9 " 0r including 

It will be appreciated that fh« ' 
..t.r»ti»l, he designed for o e f" 
of several hundred degree- c or V I "»P"atures 
efficient conversion of , a fie. h """"^ 

=teo n turbino . such . r „:;:; e uo h :» ; nt ; in » 

»eta, /fu sed deuteride sait nixture """^ 
— - P-ce isotooic n y dro 9 ;„ ir^L^ 

SUBSTITUTE SHEET 



3 



satal particlas, as daacribad harain. Tha rasulting 
rapidly haatad partiole sab* aould b« coolad, for 
cxa^pla, by circulating lithiua or tha liXa, according to 
known raactor dasigna. 

Fron tha foragoing, it can b« approoiatad hov tha 
ganorator apparatua aaats various objacta of tha 
invention. Tha apparatus utiliia* dautariu*, a virtually 
inaxhauatibla oourca of enargy, to produce hast, and tho 
products of tha raaction — tritiua and praau^iably 
iaotopos or Ha ~ ara aithar ahort-livad (trltiua) or 
ralativaly banign (baliua) . Furthor, tha apparatus can 
ba construatad on a small soala, suitabla, for axanplo, 
for a portable ganarator. 

»• Reactor Produce ^ ftcovirv 

Tha haat-ganarating raaationa which occur in a natal 
lattica chargad with dautariuia can ba cbaractarisad by 
tritiua production. Tritiua can ba fonid in tha roaotor 
aithar aa tritiatad baavy vatar (DXO) or, by alactrolyais 
or dto, as tritiatad dautariua gas (DT) • Whara tha 
reactor sourca also contains ordinary vatar, additional 
tritiatad apaoias HTO and HT gas My also ba forbad, 
Qinoa tha anount of tritiua in tha raaotor will build up 
ovar tiaa, tha raaotor is prafarably providad vith an 
oxtraction aystan for ranoving tritium and maintaining 
tha tritium lavals in tha raaotor within praoalaotad 
lavala* 



Figura l-io i^ a schaoatio visv of an axtraction 
ayataa 160 daaignad for removing tritium from both 
raactor vatar and gaa ganaratad within tha raactor. TTia 
■yataa is daaignad to carry out two sapaxata prooaasaai 
ona which transfara tritiua in tha roactor aourca to 
dautariun. cr hydrogen g*a, and tha aaccnd to saparatad 



tritiated isoto pic hydrogen a ,<- k 
clistil. lation . 9 " -myogenic 

The catalytic exchange of trit, - 

indicated generally at J^^/^^bic catalytic bed, 
<WDTO or H 2 0/ D Ho /D3 o /DTo/HT ; n fr t o h ; t 1 h i<?Uid -P^- =-thod. 
supplied through a conduit 164 h ^ iS 

f - ^ c.l, to the catalyt" he T *" ^ 15 

ThG Wat6r fro » the reactor cell i s h 
contact with a deuteriu* g a s stream h ^ direCt 

circulation through the bed Th ! h COUnte -««rre»t 

be suppli ed fro . a gas-distiliati^^ *" 
*s used, as described below s " atl0n coIura " "4 which 
countercurrent flow ov er th ' r , , 1U " SG P a "tion. The 
reaction; ^ catai mc bed promotes the 



DTO +d- Cata Jy st _ . 

2 » D 2 0 + DT. 

The water wf-ii^-K ; 
« the rector « I, "°" '"^ V. « returned 
operatic of , : hr ° U9h 8 '"»• Th. <,„ i9B SM 

Scribed in pri„' , " ti0 " "••» 

Alternatively, eI) . cat „, , . 

liquid-phase counter-current ""^ ""^".d fcr 

"noun netbods. ,,.,.„ tl Patron,, accordina to 

-PorUed and super, earL""! ^ «™ 
hydrophobic catalytic het' """" OV " Cte 

gas strii: i t i: u t r r " cur " ni to ch » 

=trea„ is condensed , °* Cn '""'° r "" i °"- «» 
"dense and returned to the reactor. 
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The gas stream co „j ■•' 

dried and purified ,„„ ! th *-" K '«>>9« bed is 

P rit,od, a „ d passea through tube „ 

cryogenrc disruption C o lu .„ 166 t ' r0 uoh 

The coiu™ co „ tains £uliec • ~ ■ P»P ••>. 

iiguid heiiun tM an au.aiL, ^ Lb . " 

Oisuuaucn is c a„i.d ^ fc 
D ; vh.ch is concentrated at the top or th , ^ 
vbich i, p., r tia„ y stripped o£ > «• «-»». and 

-- lyti o bed through . conir:;;::-:^ 

The heavier isotopic hydrogen ,„« in th . n 

».«. „, paced vith drvon rings. and J 0 ' ' ^ 
irqurd helium circuit ,„ ■ b y o 

upper portion ot the coZ t ^ """" « 

Berber „„, to obtain T „ acco J in , ^ 

This material is separated in the colurn - 

~ ox at the „ PPer end of the coin.;: 1 

o— — u„er, sucn as container i 8 2 nr 
-etal tritide. The system is capable of '"'l ° r 35 * 
tritiu. to about 98 mole percent purity 

It will be appreciated that where the r„, - 
contains ordinary uater. (Ij and Oh isoto^^ ^ 
be f or.ed both in the reactor and h y cato,y tlc 
^h Dl . T his gas „ a y be separated y f ro: o' DT ;;" , : 9 ° 
the cryogenic distinction co,» s , and ' ilv H "' 
Of- e.g.. hy co.bustion with O,. * =P °"" 

The above described syston i, designs to „ 
tritiu. tron the reactor vater. As not 1 



mum SET 



electrolyte co„ pr « si o„ - 7 

•l=o „, 01< , cuiar f ~c„rr lng in t „. rsac 

OT tonMd by electronic L' I" h,dr0 ""' 0, a„„ 

reconverted to water bv , ' 9 " ° ay be 

-ctor, notBd «„ stio „ vUhin 

Alternatively or ;« 

y ' or m addition *-K« • 
«T be p ur i fi(!d in the »• atopic gasss 

Merited aOove. by introd " l ~ s yst en 

«rectl y into th . ««- t„e reactor 

=y S te», via . valved co „ d »««n cowans in th(J 

extraction syst e„. th " "itic- 

9enerati„ g Dj and ^ as ^ " «« WWr. and 0I 
Fron the foreooino it 

v«i-. additional fe ; : r : n th b ; *~ 

Che "actor generate tritium k""~*' latt *ce of 

«tili«ed as a source of can be 

^e, and .71, :r:n:; ly hy — * • — « 

°ther .purposes. soch as T v * "^"^ in for, 
diagnostic uses. V "" aty ° f ^ical and 
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SECT ION I T 

Neutron^nexa^iorL_an_d Applicators 

According to one aspect of the invention, ^ has 
been discovered that i sot o P ic hydrogen atoms, such as 

deuterium atoms, when diffused irn-^ . 

— ■ '""-"tB ot metals 

which are capable of dissolving hydrogen, can achieve a 
compression and mobility in the lattice which is 
sufficient to produce neutron-generating events T he 
neutron-generating events are also characterised by 
extra-enthalpic heat generation; that is, the amount o- 
heat generated in the lattice is substantially create/ 
than the joule-heat equivalent used to charge the i atMc , 
to a chemical potential at which the neutron-genera t « - q " 
events occur. Section I, „ previously noted, describe, 
materials and conditions suitable for achieving - ne 
required conditions for the neutron-generation events 
vithin a metal lattice. 



-•*.B- 



" GUtrons Produced by the n-efcaT'w 
collated to Prcducp 31 lattlce «e 

Produce a neutron beam , nrt 

used in a variety of neutron h 15 beoa is 

/ neutron-beam method r~ 
materials. This Section describe "W^ing 
designed for neutron-bean, analysis "* e " PlaCy ^atus 

y 12 ° f ^cget materials. 



ILe^tron^n^rjiUng^^^ 

As noted above, and according to ln - 
« the invention, it has beGn ^ q ^ 
lattice charged wlth nydrogen / th ^ • -t.l 

potential of at least about 0 5 eV " 
— ting oven, ^ch are L ^ 
of high-energy neutrons. Y ^ P roduc ^°n 

One explanation for the generate 
educed in th . metal la tticc 9 I ° .I 
iS thG PO-^iHty of rations bet- CO ^ 

within the lattice x, „ . compressed nuclei 

Ul - e - As noted above, hvd-r>™ 
™cl.i dissolved i„ , „ oCal latu ' ' SOt °^ 
Potential abo v a about 0 . 5 ev 

electronic » 1 , elmction , The ter ° f 

"-binod uit „ thc high co „ prcss<on * '« -ever . 
»P'«„, SU99est , the possiMU 
— « •« close coUisIo „ s 

« i- tnereiore plausible to co „ sid «J »~"« 

collisions pr od„co reactions oetvee,, „ ° f « 

reocUons uhich b8 t ' 

contain^ Pr o donina „ tly a<!uteriuio ^7^- 

0 * » - W . „,,. 15HoV) * 



ese 
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These reactions would account fwTk"" 
tritium t*u\ < account for the generation of 

tritium ( H) and neutrons (nJ in fche netai 

To measure neutron gencration in a 

lattice, the neutron flux from a lmm diame J x ^ 

palladium rod cathode was measure. using an ~ " ^ 

Neutron Dose Equivalent Monitor, Type 95/0949-5 " he 

;:;t;v; ficlency of this — — in . tru .. nt 

for 2.5 MeV neutrons was estimated to be about 

■ Further, the collection efficiency of the 
spectrometer for the cell geometry used is very P oor 
Nonetheless, these experiments monitored neutron 
generation levels severalfold above background at the 
monitoring electrode. 

Several basic heat generation experiments were 
performed to demonstrate that the neutron- gG neratin g 
events occurring in a charge metal lattice also involve 
the production of excess enthalpic heat, i. e ., heat in 
excess of the joule-heat equivalent energised in 
charging the metal lattice. The experiments w ere based 
on the cathodic reduction of 0,0 from liquid phase at 

near room temnpr-ifnvn 

. current: aensities between 

3b ° Ut UP t0 70 'f he deuterium atoms were 

compressed into sheet and rod samples of p*U adim netal 
from 0.1M LiOD in 99.5% 0,0 + o.S^O solutions 
Electrode potentials were measured with respect to a Pd - 
D reference electrode charged to phase equilibrium, as 
described above. 



A • Uwtrcn^Sea m_ Genera t o r 



U " 5 12 a -hematic view of , ncutrcn-bea. 
generator 60 constructed according to the invention. The 



''Cr/L^yo/uij 
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generator inriiM-. „ 

includes a stacked-platc ro„. 

indicated at 61. a neu tron beam 

"nere the source of • 
deuteriu, and tritium ^ hydr °* en **h 

be expected in the lattice L>: * " aCtion Which 

7 ° + 3 T - V(0.82MeV) + n{17>58 

~ ; (vu) 

which would yield neutrons with ,„ 

the 17.5 Mev range. dist ^butxo n ia 

The collimator illustrated in rigure u- 5 is • 
divergent collimator desian „, , \ 11 5 15 * 

high-energy or therll Producing a beam c, 

yy or tftermal neutrons Hf f h „ 
r»et w „. th . rmali2 , d before f h = — * th. 
collin.itorl. A„ „„„ reaching or within the 

machined aluminum, and has -. ^ 

82 adjacent the reactor a lJ " rCUlar »P««ur< 

(»«<?, is used to control expose °' ^ 

barrel is lined w ith , ^ interior of the 

». ^ - s lv:: 1 ::;: bo ;:; r ~ — 

thecal neutrons, a material effective 9 * neratin * 

~* « • Poivethylene ^"T^' ^ 

be interposed between the reactor and c 1 • n ^ ^ 
housed within the collimator, f^^tor or 

A downstream collator section on is * Crn , 
aluminum or the like and ha- , ho, ° : " 

v * ^ n boron or ir%-»H ^ ■ 

help suppress gamma rays m, ?0 to 

«- « «. a HU . r h ou S r;; 2 ; :;: n r cti ° ns °° 

removable fii- er o • - staining a 

»-ii.«.r such as a hi 

filter, for f = Uerin„ "onocrystal 
altering caixaa ravs fro-, t-K 

ays frc -, the neutron bea;a 



POO. v hose cemont M11 indiciited ^ ^ . 
as a neutron shield. H 

Published references, such as "Coll inters for 
Thermal Neutron Radiography" Markgraf, ed . D . Reidel p .. b 
Co Boston MA, <„„,. describe ^ 
obstruction Qf neutron . beam coHimators £ 

leans" ^ "'^ * h *" 1 " " COlli ^ 

It can be appreciated from the foregoing how the 
neutron-beam generator meets various objects of the 
invention. The source of neutrons in the generator .» 
simple and inexpensive, requiring, in one embodiment " 
only an electrolytic system for slow charging of a met*! 
lattice with isotopic hydrogen atoms. Unlike 
conventional radio-isotope sources of neutrons * he 

FurtT °T ^ readUy rGCharged With ° Ut isot °Pe handling 
Further, health and safety problems associated wi-h 

fissionable isotopes such as polonium or radio. ,1 
avoided . 

Although the system has a limited neutron flux 
output when compared with a nuclear reactor or p article 
accelerator, the neutron output can be selective!,- 
increased, for example, by increasing the number and/cr 
thickness and/or chemical potential of the metal P l, tes 
m n reactor. Further, the energy distribution o< the" 
bean neutrons can be setectively varied fro, low-ene-~ 
thermal neutrons (or even cold neutrons) crcduced by"''" 
thermalizing the beam, according to conventional .ethed- 
UP to about 3.3 Me v fcr a deuterium charged reactor ^ 
17-5 y.ov for a metal lattice charged with a aixt ..- e c - 
deuterium and tritium atoms. 



biography is a technique by which a . 
Of the -inside. 0 , , 1 " j* • Preface 

probeointy that an' ' ""^ '""i"" "» 

J«y that an atoro will interact with hh ... ■ 
bea„ passing throogh th . „ ateci "» "dtattcn 

radiography. t „ e oross-section of — o X-»y 

mere.se wit, increesin, ato „ ic * "« », 

Reenter o.ight . to _. such „ t J ^ ~ ° 
sh.eidtng a 9ainst penetration by „ dution effeC -'" S 

Oy contrast. in noutto „ radi . 
cross-section is quite inaependent th an f SOr?t '" 

particular, is roiative, y high ,„ ' " ' ln 

* iJJ -y^ tor atoms such as 

tor .lo.ents such as ,l».i„ ra , sutfur M Uy ~ 

th ' Prov.des a u„ lque „ ethod decec .. 

the presence the „ igh cross-section el o me „ t r s „;; 
boron, in a iow cross _ S(Jct:ion or con v " 

Pr«.nc. o f a ,„„ eross-section material r 6 "'' 

i„ . hi , n „ cr „ s . seccion Mt , ru r ; al - « 

Figure u- 6 is =che „ atic ' 
d-gned tor neutron rediogrephy „„ T 
eminent of too invention. The ZZt " °"° 

» char, ed -„ ot ai reactor IT""" 

~ r rot > i,r 

■™= Jnlo „ „.„„„„ ^ 

Sector chancer ioa -hate radiography of , \ , ' 



The reactor and collimator employ the general d Gsiqn 
oatures dossed in Section m ^ «g„ 

the usual case, the neutron bean, energy is in the 
ther^l-neutron energy range, the neutrons can be 
*«~««* within the colli Rator , or prior tQ enfceri 
the collator by conventional .eans, SUC h as p assage 
u.. rough a polyethylene block. 

The sample chamber in the apparatus includes 
suitable support means (not shown) for supporting the 
sample or target material in a position in which the bean 
is directed onto the sample. Also incIuded in ^ 
chafer is a film pI ate H 2 on vhich the radiograohic 
i-age of the sample is recorded, and a converter 114 fron 

which film-sensitive particles o « k *. 

H s ' beta particles arp 

e^tted when the converter surface is struck by neutrons 

the IT / 15 Pr0fer3bly l " di - Ct ^.ct with 

he f llm and 1S formed of a thin gadolin.un filB or the 

like capable of emitting f i sensi t i ve particles in 

response to neutron bombardment. The Jila ln ri ™ 

111111 and converter 
are also referred to herein rnli^;.^.. . .. 

record ina 

means. The reader is referred, for example., to „ * and 

Wyn-an, "Mathematics and P hvsics of M „ 5 ° nd 

lnyslcs of Neutron Radiography" 

' R ° ldel Pu "»""9 Co., Boston. Massachusetts \ 1996) ' 

for a discussion of various types of recorder means 

employed in neutron radiography. 

The apparatus may be employed in a variety of 
thermal and high-energy radiographic applications such 
os described in "The 1-cutron and Its Applications" 
Schofield, ed. , The Institute of Physics. London / 
England (1980,, particularly for structural analyse C 
explosive devices, ceramic naterials, electronic dev.ces 
mechanical assemblies, and aircraft turbine blades 



on 



Neutron diffraction provides i , 
Positions and motions of nuclei i ^ the 

crystalline material> as a^^" « se.i- 

-eutrons in a beara fay ^ ~» scattering of 

c-ters of the x _ y ^ scattering 
tne neutron bea m depends on sc e ^ — 
nuclei, several types of inf 9 QVOnts inv °lving 

wnich ar G not generally ^ b * obtained 

' 1Vailable ^ X-ray diff raction: 

First, since the scattering cro « 
J 3 -P«-"t on atomic nu .J r n a " SeCtl0n ° f ™ Cl '* 

(see above,, the nuclear density M s m—tic way 

fro, the diffraction pattern " " 

— sites, hydro ge P n- at :: e I Zl^ ^ 
an electron density nap. ° re masked *n 

Secondly, the method is ablG . 0 ,. 
iocali 2e isotopic at o, * * t0 dl ««9«i»h and 

Afferent isotL. _! ^ beCaUSe the nuclei of 

-i- dif fGrent ; y -; ~; h ;™ , ay scatcer neutrons 

-ful for crystallocraphic a s ; U o ? arUCUlarly ' 

^ecific isotope substitutions b 

example, the analysis of tn ° " ade - ^ 

•« -pie X ma cro m : e u s th : u :r:; di ~ ai — 
— fied by subscituti ;: ;:z:i:z: eins ' may be 

Elected amino acid <- ite . , GUteriura ° r tritium at 

toese sites in the d a . PU *° int eh « Nation of 
6 Effraction pattern. 

Finally, neutron-beam diffr^,-- 

detect para^onetic set erin " **' ^ abi «^ = => 

-c,-5 ttcrinq center^ ^» 

"eut.-on S c attori „ g duc t0 the ' in *! *"= to **»tic»l 

=«" « »r t he , ton vits that of M , netic 

mis allovs 
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investigation of th 



-^w^, OI Cfte raagnetic ctructurcs-'whinK 

responsible for inter,*-,-; h are 

interesting maanct-i<- 
sample, such as f.rr ^nctia properties of a 

ucn as ferromagnetism, anti-f.rrr, 
helimagnetism nC1 fe rrom a g n eti SDf and 



rigure n-7 is a schematic 

for use in neutron-bea. analyst J ™ ^0 

- - — , n e utron:^::; by T:i u :::r iai - 

1». and colli^ted by colli.ator 124 „. d ""^ 
single-crystal monochromator 126 The ^ 3 

crystal functions to reflect tho » on ^ro..tor 
P-icular wavelength, ^ ^ ' 

reflected output beam having a selected ra ? ' * 

energies. xhe construction of t . 

have been described above The 3nd pollinator 

^signed to produce a narrow b^ IT " Pr '"" W * 
^out ♦,- o. 5 degrees. ' ^ ' Within 

The monochroraatized bean, is directed ont-o 
—rial no, producing a scattered beal w ho 
^ Vari ° US angles, is related 

crystalline structure and atomic co.oos i t on o th 
sample, as outline »h«„ .. ' °" ° f the 

rntensaty over a scatt9 r ° n »"» 

""'™ is preCeraMy a cyH dri "■ ™° 

uit " «... - or a in9 to lz,; :„\r nter 

deteotor C .„s troctim , Baco „, G r J* ™" "««■» 
",».!... P-Mlctioo.. London. ,„,■;;. ""«™> "-Vie.- 

The apparatus nay bo enployed in v „ iccy c , 
neutron scatter,,,, s „ cn a= dMcribc(| ' 
Radiative Capture" Ciirien, od. ouch,-,, 
otonie and oo.cuiar 5t r„cture'o, „ ni ^ ^ "» 
rcr inves^atin, <t « le J^™' 



v-hootit.it- n-.—. 
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a T CtS ° f ™ 0leCUl ^ disorder *n«~~* ' 

molecular system. Ph " S * transitions in 



D. 




Neutron-radiative cantur. • 

-trons wlth a target J cl ^\l n 2 1Ve5COUi5i ° n ° f 

or very short lived - e , th radioactive 

coll 1Si on produces radioactivi tv neUtr ° n 
processes with -> « Q Aj-£-» emission 

^th a measurable half Ufe 

nuclei involved i„ neutron ,h natUre cf 

b y .oasurin, gamma _ rfly ^ «n oe determined 

Particle emission characteristics of and/0r 
-thod is also Known as neutro KOOWn Sat3ples - ™s 

has been used widely for "Ovation analysis, and 

compounds present in a "Nation of eieiacnts or 

a simple material. 

If the lifetime of t-h 
on ^e order of 10 - to ^"'""""'"-tive events is 

5anplG is determine" from"!' """^ Cf 

spectra of the material T h ■ 9«uw-ray 

. deferred to as prompt en,i~ io 1S 5 ™<*^s 

P-mpt emission ^l^" T,e 
activation analysis in th \ ^^-y to neutron 
*>n. stable radioactive ^ .^b^ «° 

prompt emission TOtho / a *™ 8 * ^bardment. 
is instantaneous, non-destr arfv ^^a ges thac 

~« ----ct^r;:^ 

Figure n-Q . ...... 

--a schematic vi ew of 
for use in prompt neutron-r vl i ^ ■ »PPar aC « 3 Uo 

-ample material. In thi , analysis c , fl 

chij, apparatus, neut-^r, 
a neutron reactor i., 2 lnd p n . neut.ons produced fcv 

«« Erected onto a ^ C °""™" * col, iBator K , " 

'> .jo...pie no tori 1 1 i rr • 
chamber no. T v, G . ° riM 146 m a san lc 

l - JCti ° n ° f reactor and 



collator have been dcscribcd . - •• 

The gar.™ spectra produced in the „„„,. 
a convention! g ,„„ a doC5ctor Qf " / ' """""O b V 
as a solid ,►»►„ „„ Sector .cans 150 , suc; , 

th. addition o £ scinUUation deJcl 'd. « " " 

alpha or beta particles. detecting 

application?"" 1 , h ' 1S * Uide « "•»»««- 

appltcat.ons, ,„ol udin9 analysis of 

*" S ™ " ""aeotcical sa „ pies , ..^^ J££V 
envtrona.enta! conta.inants. detection of exptos ve 
-««»!. tor airport security. ( or.„ si c ana I ' and 
medical diagnosis. V 1S ' and 

Although this part of the invention has been 
described with reference to particular *„n^L_ 
constructions, and applications it will he ~' 
one sutled in the art mat various ^ '° 

invtnuon. in particular it win ^ 

neutron bean, generator Jin h ^ th « 

elemental .r« cry, L " ^ '""""on. outside of 

-edicine. for the 7 r f ° C in 

ror the treatment of solid tunors.-with hi„s 
energy neutron beans. gh " 
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J£ ^-&aatjProduction 

The present section relates t- ^ • 
t^t deuterons Mgh to ^a.tional findings 

- a P au adiura nost lattic p e ;; el ra e c l odic poia ^-- 

<* «•« which can be ascrib J ""thalpy in excess 

The oagnitude of fh« 

-intainea for periods Qf ^ — 

? - 2HJ - — .easure^ent cyci^ ' ' V ^ " 

Possible to ascribe thi. - 1 11 is not 

CnthalPy rei — to any chemical 

The most surpri sin9 feature of th 

f " n thG f -t that nuclear process^ reSUltS <apart 

all in this way, is that the P Gn CCSSeS be induced a£ 

is not doe to either of the veil e^* 1 "" ^"^ly 

-^uuuiuus * .»«jim i- us ion 

2 D + 2 D ~- ^ T (1-01 

145 HgV > (iii) 

which have the highest <™h 

•« >»» rMC : ion ^ ;;^;« 7 >> ~« 

Although low Jevels of c^-- deu ^rons. 

«» do t e«.a.... the cnth J 1 "- »°""»y. or „. otron , 

involved. (4 - 9 > process nay also be 
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Successive series of measurements carried out shoved 
thot it vas necessary to carry out many experiments on a 
substantial number of electrodes and over long periods of 
time (the median duration chosen for a measurement cycle 
vas 3 months) ♦ It vas necessary therefore to adopt a lov 
cost calorimeter design; some of the reasoning underlying 
the choice of the single compartment Oevar-type cell 
design, Figure IIl-l, is outlined herein. 

All measurements reported in this Section were 
carried out with 0*1, o.2 r 0.4 and 0.8 cm diameter 
palladium as well as 0.1 cm diameter platinum rod 
electrodes. The palladium electrodes (Johnson Matthey, 
PLC) came from three separate batches of material and a 
typical analysis is given in Table TII-1. 

TABLE 1II-1 

Typical constitutional analysis of the Johnson- 
Matthey palladium rods used in this work. 



Element \ by weight 



Ag 


0,0001 


Al 


0. 0005 


Au 


0.003 


B 


0.002 


Ca 


0. 003 


Cr 


0.0002 


Cu 


0. 001 


Fe 


0. 001 


Mg 


<0.0001 


Ni 


0.0001 


Pt 


0. 001 


51 


<0. 0001 



The batch nunber 



CGJ1 of the pr(?SGn U fc ^ low . A ^ J 

a *» i» shewn i n inv *ntion is of t . * dGta ^cl 

In this cell 
t0 * °-<>5 en,' di ' * paU ^^ electrode 2l2 u 

a close' aiCal a ^e 218 w PlaUnura Johnson 

- <•;; - »« ^ n ~™ - 

*>««. « I T " P1 "' K«! P s heid 

or the cell 200 in s Pacer 22* ^ 

- d ««*d. as SUred ^ ThG -juration of £ " th « 
Potential over th. est ^Hsh m ent of a , . * node 

—res unif ^ SUtface of the ° f 3 Un ^o rnt 

uniform and hiah i c atho de 2I2 . 

^ ^vels of charging D f J e * 

Temperature 

"•ermoprobes. - 10 Vo 1 11,e ">o»netr ics ... 

Win, a resi " brat M durin, 0(>ch . year) "nd the 

th.— han iOOppra/Vi thermal 

hGSe Com Poncnts 234 fas v P e P ; C) - Sections 236 t 

CIi5 ) were madr> hK ° ln dudoH 
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Thc cu 200 o as maintained i„ „„;,,,„ 
oater baths stirred with Techne tZ ""tructed 

contain, up Co fiv . Dewar cens 2 »r b - • • ch 

maintained so that a to t? r-^i 

"a^ 8 to ]j cells may be run 

based on approxi.otoiy 5 < total c!tperiTOnts and 
approximately J60 ceU caUbr! , Uons J and 

th= bath ta»p Srature .„ depths gre ; c ; h : s o t ! u " d 

hetter thaa ± 0. 01 . of the sec temperatur ; c " d „ 

ity " '"■»•*> p—*- „ ater sur(a s 

allowed to evaporate freeiy. This co ten , peratur „ 
»as Stained thtoughout ;he ba Ih 7" " 

each water bath was » aincalned „ nstant by ^ - 

CW '7 S — ' • *«-»r PU»p JLc ed o 

second thermostattcd water bath. 

The . ini . u . curron . „ sed in au t „ peclB 
reported here was Joo mA and it oas found ,! . 
ooaid be osed at currents op to , t " .«» = 

electrolyte. w^s * °- 1M « 

" JUU + <>-SM Li 3 SO d or iM l ; «n 

electrolytes portents as hi9b .. 1600 '„ ould 1 ' ■ 
vleo o£ th8 louer , oule heaUng ^ thesa «»« * used an 

The »i„ in , Mstpry uUhin ca) 

current H.its oas determined usin, dye inject on 
co»binod with video recording radL, . " )0 "'° n 
be oxtre.eiy rap.d (ti „. =ca 0 t 'oh T"' " 
loo* piaoe on an approbate ,0s 1 ^71^ 
currents osed. As tlw » -st 

colorinetero was approximately 1600- r„ eof ' he 
con be considered to be -ell » d"t n.V L"""" 5 

injection of heat, the noxir.on variation In to 

— «.. „,„,,,.„ uas fouM tob ; 0 ;:;~; 
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t 

thG regio " ^ contact with th k 

«» variation reached ^ ^o. Kei F spacers vh _ 

distributions w er e deter7n - ' * tem Perature 

5 w hic ;:: 1 - — vhich contained 

««1 direction,. ^Placed - n ^ ^ 

AH measurements report*.* k 
9alv anostatically J^*" — — - 

Potentiostats connected J ', ' ° T2101 

-ran geraent Used< The feedbacJc 

against osciUations. The q T' Bn5Ured tot ^ Protection 
^rtner Stored regular,/ oT"" 

,none ^ roughout thi l ;; r ; ec v- °s Cillaticns 

™« 120 Hz < 0 . 04 , of Work > -nd r apple content (6Q 

! bOVe 800 "* -r. carried out '^""h" ' "^—s 
^9ure IX1 . 2B; tMs «-n 9 the circult ^ ^ 

^abil i2ation achlevabIe d ^ ni 9 h dear*. of 

-uld be extended to ,u ch M h °' ^ «» lv «o Sta5 

(Measurements at e„ * C ° Urrent Wis 

s 3t current level. h 

other ror^s of calorimeters h ave , 250 °° ^ 

-Erodes were barged at \ £ 

°f 5 di ffusional rel "* Cra fo ^ times in excess 

densities / ela **t lon times. other 

results. D ;;; ; ,en appiied - »» -d icatGd in -; h 7 

excess of a f r h " ^ ^ 

'-th. r 5 di ffUsional rela Xatlo ; t L e P ;— ^ 

H eat transfer coeff ■ 

«« 'or sP .c iaa *, P e ri „:;;r::«;; r ; 

galvanostats to ,i rive th . y 9 hour =) usi ng 

The „.a sur<!Bent schMe """in, elects, 

electrode vol „„ cs vere ™ fou„ us: th> 

the " appueii '« 3 *«, usin9 th n ■ :,ouie «•• 

resistive heaters, the 

SUBSTITUTE S/fEEf 
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tnat the f lnal temperature rise over th« , 

OHM »um Pl e*.rs to input daCa t0 J » 

« ".rec different ti« s ar . shoun 
n Figures m . 3A . c and m . <A _ c ^ neasu ° 

vere Mlntai „«d open except during the actus! sampiing 
Periods ,»„ lta ,« , aa s„re»ents „„ re , > 

" 2 * be '»" ther.istor resistance 

discs, varxataons from these procedures for special 
experiments are given below. Pecia! 

Experiments at loo and intermediate current 

tTZZT "" ieJ °" USi " 9 10 C " tetrodes; 
tor the highest current densities the electrode ,e„ gt h 
vere reduced to c . and che spacinq ^ " ^ 

winding was reduced to ensure uniform „„.„, 
oistributions; such shorter electrodes vere placed a- th 
bottom of the Dewars Placed a. the 

" =° as to adequate stirring. 

Experiments uere carried out using D j0 (Cambridge 
Isotopes, of „.„ isotopic purity. „ Ll00 vas 

prepared by adding u metal (A „ _ 

to 0,0; O.tMbiOD .O.SHU^and , „ UjSO, «.„ ' 

prepared by adding dried Li ,SO, (Aldrich «,.„,, 

anhydrous, 6 LI/ 7 Li = wtii ». 

li to o.im LiOD and D,0 

respectively. T „o U ght water contents o, the cells .ere 
non.fored by „„p „„ d npvcr ro „ abov= o m 

withdrawn for „00 and tritium analyses uere oade up U sin, 
the appropriate electrons . A s.nole t « ch 0( ' 
electrolyte was used for any , ivcn expericentg, series 
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=i e made up hv • 

P °y adding d 2 o. 

The current effi,-, 

according to r.-^ • *' f ° r the electro, 

y to reaction (j, v eAectr °lys es 

««bi« „ t „ or «, b y 

^Pnsin,,,, these , ;» «'on fro* th . c .„ 

°»r«t efficient, have ""»"-""«-. Sueh nig „ 

«««« o, the »ec trolyte „° d ' 9aSSi "' « the o„ ygen 
S ">P1K>- the a„ a2yses of "'"".neies 9r „ tlv 

' ly d «"ibod be lou 

Tn common with al2 
^gxneering devices tK^" 61 " Physic <*»e n i ca i and 

« - ^^.r:^::.- - the 

" Cno ""struct ion of ,o " c,1 »"«et trs 

» »et hM of data ° „ bo.*- „ Ma s _ 

f »tim, of t „. «y-l» i s based „ n th „ 

Jineer reore-si„ »" •1»ra Mtll 

regression enel ysis aitl "sine „ on _ 

Celor,„,etry ( or tbe 
« • -Ifbl. set of bl o„hs. 'n , b. onse, 

«"r„ lly con5idor oM « The „ooe, sho ul<J 

">cluo ing: oiectric .„„, "• " Sf « ™>Ponent=. 

n the cell due 
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i 

2 1 



to latent Heat of ev aporation of ^ ^ j 
enthalpy carried oCf in ^ 

2 r gcnerated due to — - of ;;; nd 

0 3 Uf any, , and any excess heat generated in the eel 
Further, there should be Consideration Qf 
dependant temperature change in the cell due to the 
change of the contents of the cell P.-; 
should al,n ho la,e cons ideration 

should also be given to careful thermostatic, of the 
external bath and atmosphere temperature, careful 
choices should also be ,ade of instrumentation and 
temperature measuring devices, such as thermistors 
heater components, ohm meters, volt meters, bath ' 
circulators, potentiostats, multiplexers and data 
processing equ ipment . 



Resul t3 



A summary of the results obtaxned usang o.i 0 2 ,nd 
0.4 cm d.ameter rod electrodes i, ; „ '. ' *** 

v/niJe the relevant: ro^ultq fnr ofK. 

Ults for other experiments are 
summarized in Table I2I-A6.1. 
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Tabic m . 3 lists thc tijies e 

of «, particular experiment, the curccnt ^ e » 

coll voltage, the enthalpy incut th. .„ 

F ' '"Put. the excess, enthalpy g„ 
and the excess entha, py per unit volme « 

vales ,„ the Table u . r e obtained by both c „, , pp ^ 

-ethod of cats analysis and by an exact fitting proced 

7 3 " blaC,C b °*" ° £ 'VPC briefly describe 

herein; error estimates are confined to the data decked 
by the Utter .cthod. Data are given f or the three 
e eccrolytes used and the batch nu.bers of th. par-icula. 
electrodes are indicated tk 0 lar 
. indicated. The measurements were made, as 

" " POSSiblC ' When a ^>«V "ate of excess enthalpy 
generation had been reached. However, this was not 
possible for some electrodes at the highest current 
densities used because the cells w ere f requently driven 
to the boiling point. The values given for these cases 
apply to the times just prior to the rapid i ncreases in 
cell temperature (see section on Enthalpy Bursts) 
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The values of the rates of excess enthalpy 

generation listed in Table Ill-i a r*» i„ u , • . 
. _ .. J are lower limits because 

both the method of calculation and the neglect of the 
latent heat of evaporation lead to an underestimate of 
0 f . There is a further factor which leads to an 
additional underestimate of Qf : the dissolution Qf „ in 
the electrodes is exothermic and consequently the slooino 
base Ime causes a decrease in the solubility with time 
and therefore an absorption of heat. This factor is 
difficult to quantify since the deuterium content of the 
lattice will not be in equilibrium at any given eel! 
temperature. We have therefore neglected all factors 
which would give small positive corrections to the 
derived values of the excess enthalpies. of the three 
corrections listed above, that due to the systematic 
underestimate of the heat output from the cell is most 
significant. 

B_l a n X_ Sx per i m ents 

Table in.-, li8ts the rGSUlts of a var . ety Qf bia ^ 
experiments: measurements with Pd electrodes in light 
water, with Pt-electrodes in light and h««,„. 

* j ""^-ti alia 

measurements with 0.8 cm diameter Pd electrodes in heavy 
water. it can be seen that most of these experiments 
give small negative values for the excess enthalpy 
These negative values are expected for systems giving a 
thermal balance according to the electrolytic reaction 
(i) or the corresponding reaction for light water since 
both the method of calculation and the neglect of the 
enthalpy output from the cell due to evaporation lend to 
an underestimate of the heat flows fron che cplJ< . 
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ri,ure s '»"" <"* B are ex„p les „ f t 
Of ». specUic exes, onthillpy rtl H2 "» *•««, „ t .. 

::::::::: r:::; - ™-^Lr:r 

»ith ti.e; seco„<, ly , bursts i^t' SU,Uly 
««..lpy are superLJT ■"■odoctioo „ f excess 

py are superi.pcsed on the slowl, !„<-„„,■„„ 
«~* state e„ t ha lpy , cneration ' "9 or 

at unpredictable times ,nrt « bursts occur 

™ te a baseline , llu ; 1 ivr ction 

boilmq point e « ^- " G 

* wnt > G *9-, see Figure IIT-o T w 

— ~- « e ; t rL;" r.._°; 

-ese conditions since the dominant ^^V^ltZ , 

instrumentation are unsuitable to maJce ™ d 

these conditions. it shou.d , est i*Mte S under 

it snouJd also be noted th,t 
the cell potenti3l iniUalJy ed that, although 

situation for the b ursts , there ^ < " to the 

increase of the potential v iUl time ., hen ^Z^ 9 * C ° an 
to the boilin, point probacy due to ^ 
el^ctrojyte in spray leaving the cells . ^ ° f 

The attainment of boiling .^v be du» - 
«thalpy. production or to an Lrea * ^ 

" incrpas * In the baseline 

eilDCTITKTsI Ct-HIT 



i'cr/LSM/013: 

-12- '-. r, 



c „ not ' ; t 9 ^» r McnM has boen 

: -h eraic u „ der tftese « — .«!.» d in Pd °; s 

-Pasture „ ust J- »«" S; rapid increases 

"'«»lv.d 0* si „ ce chenica P ° tent '" l^city, of 

"hcontroll,,,!. . „. ^ «ul<. l. M to 

::;/ act th - ' : itenu - «■ *». - 

«co»p nnl . d by m •- or te „ poratur<! 

° r ttitiu». 0( . h „ '"««ases ,„ th 

Th) e resu 1 1 s f 

t.ch„ lqu . adoptBd of , Slmple cal 

-nr !ar,e r«,„„ da „ cy ^ <° r h i?h accu « 

-~r.- ti » a proti ;; ■ v ;t r Uccured celi "»«. 

f our parameters of t-h ° h is "sed to h . 

Parameter is 2 ^ " blaCk *o de i-l f ^ 

r 15 d ^termined se B ,„ t , ^'.the fifth 

Pronu „«^: 1 '"- ■««,„, 

»«urocy applie5 to nnd »t«, Mnt abouc 
correct. "•«* „„. = 
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™ese statements about the ^ 

experts, Xabl V T 7 Ur h aCy »• out fcy 

balances for electrolysis ac™ !• Satlsfac tory thennaI 
for /S1S aCcor ^ng to reaction (i) or 

(iv) 

for a vide range of conditions anf) 

«P"W. on the ... q „ „~ £ = - - 

« «- -« . I9ni(i c. n > r in °»° 

«th no„„ou 5 other investigations „. „ CO " ; '"" , 

»» .«.,. enchaipy . Cxc j;; n :zz uhich ,ive 

0.0c» diameter elac . ro . „ """""P* 9«ner«ticn on 

-nti y obtain ed c r;; t™:::: achieved by — 

-r.ed excess enthalpy oenerat on ' ^ 

those listed in Table xxi 3 ^"-nts such as 

0^ these blan , experimen r ^ m ; St ^ V — i" the light 
aeration can reach rLT' CXCeSS ent ^- 

- - -ccor or approximately five (S) *■ ' ' 

" G hi9hGSt reported previ ou < O ^ ^ 

to the highest value achieved in , / Arable 
using Seebeck calorimetrv ( l0 > tk' lnve stigation 
enthalpy , isted in Tabl / " Th<? V * lues <* the excess 
Wth the results contained^ 

- t , -:t: , ., b ;:;;: t ;::: - ~- *.« ^, «„. 

state" enthalpy q en „ ri>i 
to a process or procei-oe generation is due 

cut as thac „„ (he ^ "« - to no as clear 

Pre.i„ in ., r , puMicatioH"™ T"^" " 
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«««« ,n t „ aIpy pro< , uction doU " ">« th. r « e , of 

n, urc ,„.,_ ; « k -»» c Urrcnt 

appears, of , th th « P'°«=s has th „ 

«o her Preciaio „ , t J E * p „i„ ents of 

»P»-or, to dceide ^ "« are 

""at the t b re stlold cu .". ,S the «««. »nd if so . 

=y=te» a ,ic di fference th «« « no di scer „ lble 

o, el .c trodes and : c ; r» <~ ^ diff erenc 

«" « these bigb curre „ " d is reiatively 
beco.es lar oe « lov but thi3 

««« ».. b. tnis s ; d ;r; c,jrrent *»^- « 

could al=0 b . tlwt • fog <J ~ 1 ° tl °" »«"itio„. tuE it 
'"tic. i, „ ore S e„s U1 ve to " e '* — tTon. i„ Che 
—ItW for „e aS ur.„e„t s " »«.„ 

'"""'ion for o.a „ d la * " C,,C,!S! •»"» 1 py 

>«iaUur,i„l nistory of th r "" in " °f the 

" >* th»t « st , nv « ti * p :r"" > * iB dot --»i"9 o ( . 

-r wil a ccou„t for son , 8 that t h is j 

r«u,t,. furthermore t „ e »' »"'»bil ity of the | 

"".station, «,uid „ oe P " " «ny or theM | 

«" '» V— of th> . XCOM * 

St at e„ c „ ts „ to t|)c 
«« c,e»r, y » rbitr si „ cG " « "he total c «„ s 

n " h3l Py bursts 
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i«,«t burst observed to date iv ^"vr: for the 

the total enthalpies in the bursts " ° f that 
values which can be attributed t ■ ^ ab ° Ve the 

Furthermore, f or these bursts ° an * reactions, 
production are up to 17 tim ' , ***** ° f enth ^PY 

«... (Pea, valu s ° t : (P t 2 h ate - ^-1 «0 

cells x - t3X ent halpy inputs fc 
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CLAIM5; 



(a) a lattice 



ing: 

structure 



capable of containing 
-top ic hydrogen and cataiyzing ^^^^ 

— ions i nvolving said isotQpic hydroge ^ 

( b ) means for uti lMin. 

u tiiiz lng a product of <^,* 

oz said nuclear 

reactions . 



means for i^nu,- saAJ 
n9 lnClUdeS ducting heaC 



coll^atxng neutrons from r>aid n _ 

^ reaCti ° nS "to a 



^ a PP arat « « cloi.od in any of c , • 

olectricU> . mW ^ ^^^^^ 
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5* The apparatus as C ]-»im^ • 

ClaArned m zny of claims i to 4 

Uher8i " lat "« — «■ to .. w ' 

—Pi= h y <ro g e„. aK1 „ id ^^^^^ ^ 

1MUtin ' — lm , 5aid latuc ; or 

structure. 



(.. . lattice =tructuro c „ p „ ble of aco _ iatin<j 
isotopic hydrogen; and 

"» M .» for ac„» ulatin , s , id lsotopic ^^^^ 
t= . s ufficient c<)nco „ triltion .„ sai<j iatuce 
structure to int!uce „ erg( 



The apparatus as cUined ^ a>)y o( ciai ^ j ^ 
vhercin sa i„ lattice structure ,. cryst a l line . 

8. The appa re« )s as cUiDM in , ny Qf ^.^ _ ^ _ 
"herein said lattico struc ,, lrc 
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apparatus a » claim , . 

r «*> cx aimed in 

«*» " « aUoy thereo , " 9r ° UP « . ,ro up 

T> " - ,„ any 

-a ,.«,« stroctura « — X to 

*lt, nicko, ru ,„ . P«l.dl»», iro 

— — ... : r. r- 

alloy thereof. 

12 - The apparatus a , . 

rUC£U " is 'Clonic „e tal . 

^ as olai.ec in M 

"Id ,« tle . struct ^ °< I Co lr , 

7 - — — » rel :;;~ — . 

.-c W11 ;; erod oniM — 

'sotopio hydro 9 o n . ' Knwl «ln 9 
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14. The apparatus as claimed in any of claim i to 23, 
wherein said lattice structure includes radioisotopic 
atoms. 



15. The apparatus as claimed in any of claims l to 
wherein said lattice structure includes radioisotopic 
atoms selected from the group consisting of 60 Co, 30 Sr, 
106 Ru. >"cs. 147 Pm, 170 Tm, 210 P O , «. pu> au^ cr 2 „ 



16. The apparatus as claimed in any of claims 1 to 13, 
wherein said lattice structure includes atoms which emit 
high-energy rays or particles upon exposure to neutrons. 



17. The apparatus as claimed in any of claims l to 16, 
wherein said lattice structure includes boron, beryllium 
or carbon-14 ( 14 C) . 



10. The apparatus as claimed in any of claims l to 17. 
further comprising means for exciting said lattice 
structure vith high-energy rays cr particles. 
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H C hydrogen source. 

20 ' The a PParatus as cl , im . . 

J s claimed ln anv of ,0 • 

— - — r::::: 0 - 

21 " The apparatus as claims - 

Cla imed m any of C ] a i„ , 

~ - — — u.^ - »■ 

— u otopic hydr _ _ ; ; • - » - ». 

fro » said source 7 

23 • The apparatus as c!,<»-h 

ri . cl ai m ed m claim w . . 

"uid is an electrolyte ln , • ^ " id 

yCe ' and said means for „ 
includes a charge-generate ■ Producin * 

generating source for elec^«, „ • 
-ecoaposin, S a id electrolyte into « ' 

-unulated lnCo .-, ld , . ° ^ogen 

LO -^iid lattice. 
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24. The apparatus as claimed in claim 23 wherein said 
lattice structure is an electrical conductor and is 
connected to said charge-generating source to be the 
cathode during said electroly t ically decomposing of sa 
electrolyte. 



25. The apparatus as claimed in claim 23 or 24, vher 
said electrolyte is an aqueous solution comprising at 
least one water-miscible isotopic hydrogen solvent 
component . 



26. The apparatus as claimed in claim 25, wherein said 
isotopic hydrogen solvent component is deuterated water 



27. The apparatus as claimed in claim 25, wherein said 
isotopic hydrogen solvent component is ordinary water. 

23. The apparatus as claimed in any of cla ; ins 23 zo " 
wherein said electrolyte includes lithium. 



29. The apparatus as claimed in claim 19, wherein said 
isotcpic hydrogen source is at lease one fused netal 
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»pp», t05 (urther h 1 " ti « «.. uctu „, 

^ iC e structure tn r> 
"t-Pic ^o gen £rom the — ^ration o 

structure. ^ lnto «>• lattice 



; — — . and said - cobalt , or 

<«t.ride. Sod . um ^ -sed Uthiun 

■J«ur.. thereof S ' P ° tass ^., d euteride or 



^ aPP — «» a« c lainedincl 
S3id — - <or hea t ing is a hj h " " ° r 3 °' «*.r.ln 

«P*Me of hGati ^ " enGrgy h <^ source 

9 -aid fused met,. » , 

32 - A method of reacting ■ 

'-otop.c „v, Jrogen and 
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(b) using products of said nuclear reactions. 



33. The method as claimed in claim 32, wherein said step 
of using includes directing neutrons fro* said nuclear 
reactions to a target area. 



34. The mG thod as claimed in claim 32 or .33, wherein 
said step of using includes generating electricity ; rca 



said nuclear reactions. 



35. The method as claimed in any of claims 32 to 34, 
wherein said step of forming includes the step of 

subjecting the lattice structure to . , ... 

isotopic hydrogen to cause the isotopic hydrogen to 
permeate into the lattice structure to achieve a 
concentration therein sufficient to induce said nuclear 
reactions. 



36. 
of : 



A method of generating heat, comprising the steps 
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(a) subjecting a source of isotopic hydrogen to 

lattice structure capable of absorbing isotopi 



a 

c 



Hydrogen; and 



(*»>. -sin g isotopic hydrogen fco pern)eate . nto 

lattice structure to achieve a concentration 
therein sufficient to induce the generation of 



heat . 



37. The method as claimed in any of claims 32 to 36 
further comprising the step of converting heat generated 
in said lattice to work. 



36 



The method as clawed in any of cla iras 32 to 37, 
wherein said i. ttice structure is palladium iron 
cobalt. nic,el. ruthenium, rhodium zirconium, hafniuB . 
cr an alloy thereof. 



39. The method as dai.ed in any of clai.s 32 to 3 S 
wherein said lattice structure includes radioisotopic 



atoms . 
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40. The method as clai.od in any of claims 32 to 39 
wherein said lattice , tructUfo ^ ^ J 

Mgh-energy rays or particl(js upon ^ 



41- The method as claimed in any Qf ^.^ ^ ^ ^ 
further comprising the SCep of exciUng ^ 
structure „ ith high-energy rays or particles. 



42. The method as claimed in any of claims 3 2 to 
wherein said isotopic hydrogen includes deuterium. 



O. The method as claamed in any of claims 32 to ,2, 
-herein said isotopic hydrogen includes tritium. 



44. The method as claimed in any of claims 35 to ,3 
wherein said isotopic hydrogen source is an electrolyte 
and said method further includes the steo of 
-l.ctro.ytic.lly decomposing said electrolyte to for, the 
isotopic hydrogen which pov ^ tez intQ ^ 
structure. 
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"5. The method as clamed in >, , 

44, wherein said 

^6. The method as rl*im^ * 

ui> claimed m rli^ a a 

claim 44 or 45, wherein 

component. 



"° topic h,d — — is »« inary u „; cr . 

noatmq the hydride to r,™,* ► • " 

to promote mention o: isotope 
hydride into the lat5ice otnicture _ 
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50. The method as claimed in claim 49 
. wherein the step of heating includes the step of 
^Plying a pulse of poWGr to hcat said fused ^ 
hydride to transfer said isotonic hydrogen to said, 
lattice structure in l ess than about one microsecond. 
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